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Further Studies on Some Effects of Physical 
Fatigue on the Peripheral Circulation of 
Athletes 


Marie A. Hiyricus, M.D. Ps.D. 
University of IWinois Health Service* 


Ix A PREVIOUS study of the malarial incidence in the student 
population of Southern Illinois University (1), many cases of recurrent 
malaria were found, which were without a known history of reinfection, and 
in most instances, without a remote possibility of reinfection. Such recur- 
rences could usually be ascribed to the presence of bodily conditions such 
as long-continued periods of physical exhaustion due to extremes of fatigue 
or other causes, or in some cases to episodes of debilitating bodily conditions 
following an infection or protracted malnutrition. 

The suggestion arose that in those cases which followed fatigue, a pos- 
sible explanation might be found in the peripheral circulation, more specifi- 
cally in the blood cells themselves. Accordingly, experiments were devised 
to test the effect of prolonged vigorous fatiguing exercise upon the blood 
picture. It had been shown in an earlier preliminary study on forty athletes 
(2) that there was a significant early lymphocytosis following indulgence in 
exercise tothe point of fatigue. The present report involves an extension of 
this study and includes data collected on eighty-seven more athletes as fol- 
lows: complete studies on seventy-seven of these students, and supple- 
mentary studies on the other ten. Volunteer students in physical education 
classes and participants in several sports were asked to cooperate in sub- 
mitting to the following tests; blood smears were made in the usual manner 
immediately before, and again immediately after fatiguing exercise and in 
some experiments, at several succeeding intervals throughout the recovery 
period following fatiguing exercise. Slides were stained with Wright’s stain 
and buffered. The following microscopic observations and measurements 
were made on control and experimental slides; differential white cell count, 
the number of divisions of the nuclei of polymorphs, the appearance of red 
blood cells, and the measurement of their diameters. The physical condi- 
tion of each participant was checked including examination for organic or 
infectious disease. The average health score for women was 81 per cent, and 
for men, 90 per cent. All sports except basketball and physical education 
classes took place out of doors. In those cases where repeated readings were 


* Formerly Professor and Chairman of the Dept. of Physiology and Health Edu- 
cation, and Director of Health Services at Southern Illinois University. 
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made at intervals, the student was asked to give a complete report of his 
activities for the time covered by the duration of the experiment. 


Data 


The summarized results of the microscopic examinations of control and 
experimental slides are presented in the following tables. Significant changes 
were noted in the relative numbers and per cent of both polymorphs and 
total lymphocytes (see Tables 1 and 2) and in the number of nuclear lobes 
of the polymorphs (Tables 3 and 4). The diameters of red blood cells were 
measured but no significant change in size or outline of these cells was noted 
in these experiments. 

Values for the diameters of red blood cells are necessarily not as de- 
pendable when measured in dry, stained films as they would have been 
had living cells been measured. However, since the results are fairly con- 
sistent and large numbers were used, it may be of interest to point out the 
results. The average diameters measured with an ocular micrometer ranged 
from 7.80 » to 8.07 uw before exercise, and from 7.58 yu to 7.98 wu after ex- 
ercise. These figures are based on the values obtained by averaging 77 x 50 
cells apiece for control and experimental values, respectively. 

It soon became evident, however, that the immediate effect of fatiguing 
exercise was most marked, and most reliable, when the results of fatiguing 
exercise were studied in their effect on the white blood cells. 

In Table 1 are recorded the results of fatiguing exercise upon the relative 
number and per cent of polymorphs and of lymphocytes before and after 
exercise. 

In Section I, Table 1, Column I indicates the type of activity, Column 
II, the number of participants in each activity, Columns III and IV, the 
average relative numbers of polymorphonuclear leucocytes per hundred 
white blood cells counted on each slide before and after exercise respec- 
tively. (Values are given in nearest whole numbers.) These averages were 
obtained by adding values for individual students and dividing by the 
number of participants—thus the number 66 (or more accurately 65.7) in 
Column III is 1/37th of the total number of polymorphs (2432) found in 
a count of 3700 white cells. Of the same 3700 white cells, 1177 were lymph- 
ocytes, large and small and the value 32 (31.9), Column VI, represents the 
average value of 1/37th thereof. The remaining 91 cells of the total 3700, 
or an average of 2.46 cells per participant, includes the types of other white 
cells which normally occur in normal blood smears in low percentages and 
in these experiments showed no change in relative frequency following ex- 
ercise. Columns V and VIII show respectively the relative percentages of 
decrease in number of polymorphs and increase in number of lymphocytes 
(large and small) following each activity, while Columns VI and VII show 
the average relative numbers of lymphocytes per hundred white cells 
counted on each slide. 

In Section II of Table 1 are recorded averages calculated for all controls 
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and all participants (87 in each case). There is a greater spread in range of 
yalues after exercise than in the controls, before exercise. This is true for 
both polymorphs and lymphocytes, and results are recorded in Section III 
of Table 1. The values for total participants in all sports show the same 
general trend as for individual sports. 

A study of Table 1 reveals that there is a relative percentage decrease 
in polymorphonuclear leucocytes (Col. V) and a relative percentage increase 
in lymphocytes (Col. VIII) following participation in each of the various 







































































TABLE 1 
The effect of fatiguing exercise on the differential white cell count 
SECTION I POLYMORPHONUCLEAR LEUCOCYTES | TOTAL LYMPHOCYTES 
Comat | Colgmn | Column | Colma | Cotsen vy | Cotman | Ceeme:| Cet 
—— ———— ee ee ee _ | 
P | | 
1 a eer ee Before After pA Boer § | Before | After — 
ee ae POMVEY students | ©xercise | exercise | (Col. III- | exercise exercise | (Col. VI)- 
eet: } IV) | | Vil) 
Aver. No, | Aver. No. ~ No.| | Aver. No. 
Per Per 4 | Per 
100 Cells | 100 Cells 100 0 Cells 100 Cells 
Women’s P.E. | 
Running Games 37 66 59 |—10.80' 32 | 38 | +17.00 
Men’s Activities 
Baseball... 7 60 | 656 —6.67| 36 | 4! +13 .89 
Football . . 19 69 57 —17.400; 2 | 37 +48 .00 
Track... 13 56 | (OBS —1.78| 41.9| 42.2] 40.71 
Basketball 1] 66 6«|CtC#S —21. 21 | 28 | 44 +57 .14 
— Sa ‘ Aver. of Peer Faecal of L 
, | Aver. of | Aver. of 
— coats all expts. poe | all expts. 
Total for all activ- 
ae 87 64.6 56.8 | —12.07 31.7 39.5 | +24.6 
Range of individual values for 87 participants 
SECTION III “*. 
Before exercise | After exercise | Before exercise | After exercise 
t ee ea 
All activities 87 32-80 | 31-89 | 


| 14-56 11-67 











sports listed. The effect is greatest in the sports requiring long-sustained 
effort and continuous competitive individual performance, e.g., football 
and basketball. As individual competition becomes lessened and the period 
of individual activity shortened, the effect on the blood picture becomes 
less marked, as in baseball, running games, and track. 

Table 2 records the individual percentage increase or decrease in values 
of polymorphs and lymphocytes following exercise of participants. 

In Table 2, Section A, Column I lists the type of activity; Column II, 
the number of participants in each activity; Columns III to VII, the num- 
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ber of participants in each activity showing varied percentages of decrease 
in relative number of polymorphs after exercise. Column VIII records the 
number which showed neither a decrease nor an increase in relative number 
of polymorphs after exercise. Columns IX to XIII record the number of 
participants in each activity showing varied percentages of increase in 
relative numbers of polymorphs after exercise. Section B of Table 2 shows 













































































TABLE 2 
Range of individual values of polymorphs and lymphocytes following exercise 
PERCENTAGE DECREASE PERCENTAGE INCREASE ie 
| Cot. | Cot. | Cot. | Cot. | Col. | Col. | Col. | Col. | Col. | Col. | Col 
Columat | | a] iv | Vv | vel Vai vai) ix | x | Sr | Xe | Sa. 
a seer ra | an Se —|——| — 
si | No | Over | 20- | 10- , | Less Lees | 10- | 20- 
Activity | S..8 30% 29% | 19% 5-9% 4 0 4 | 5-9% 19% | 29% we 
Section A—Polymorphs 
Women’s PE... 37| 0/7/10 |/9/3/)2/4/1{1/o0(9 
Baseball hoe 0 wr Aca te 0 2 1 | 0 0 0 0 
Football ) 19) 8 5 6 0 2 l 2 + 0 0 | 0 0 
Track. ... ie 13 | 2 1 2 0 1 S. ergs I 3: 
Basketball..... | il. |} 3 3 3 0 l l 0 0 0 | O 0 
ge 7s re ee it) 716 1 O18 kes 
fae 58 22 | 7 
Per cent.... 100 4 67% 25% 8% 
Section B—Lymphocytes 
Women’s P.E..| 37 | rfoiiri2iele2lelal7isi# 
Baseball........ 7 | 0 | 0 | 1 1 0 eee: 1 | or? 
Football... | 19} 0 | 1 | 0/1 /0 1/o0/]}01{13 11 9% 
Track......... |} 13 | 1 1 3 CEB 0 1 | Oo 1 0 | 4 
Basketball. ll 0 0 0 0 1 0 head ee 1 1 8 
| —- —_ —— — 
Totals....../ 87) 2] 2|5/5 |4-/3 | 5) 3/13 | 7 [38 
weg 14 12— 61 
Per cent..... 100%, 16% 14% 70% 





a tabulation of numbers of participants in each activity similarly grouped 
as in Section A but with reference to the values of the per cent decrease or 
increase of the relative number of lymphocytes following exercise. 

From an examination of Table 2, it becomes evident that a total of 58, 
or 67 per cent, of the total number of participants showed a significant 
decrease in the relative percentage of polymorphonuclear leucocytes, and a total 
of 61, or 70 per cent, of the total number of participants showed a signifi- 
cant increase in the relative percentage of lymphocytes. 
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In Table 3 are recorded averages of nuclear divisions in polymorphs 
before and after exercise, and the percentage increase or decrease thereof 
following exercise. 

In Table 3, Column | lists the type of activity, Column II, the number 
of participants, Columns III and IV, the average number of nuclear 
































TABLE 3 
Average number of nuclear divisions of polymorphonuclear leucocytes 
rf COLUMN I COLUMN II COLUMN III COLUMN IV | COLUMN V 
i aiuibicts Average — - nuclear Per cent 
Activity participants ee increase or 
Before exer. | After exer. 
Women’s P.E.. 36 4.31 | 4.51 +4.87 
Baseball... . 7 eee EE ods. gegy +3.39 
Football. . 15 4.14 4.24 | +2.40 
Basketball ll 4.21 4.18 | —0.007 
Track ; 8 4.02 4.16 +3 .48 
meee... *77 | 











* Complete studies on only 77 slides. 










































































TABLE 4 
Range of individual values of percentage increase or decrease in the number of nuclear 
segments of polymorphonuclear leucocytes following exercise 
ACTIVITY Begmcrrmr PERCENTAGE DECREASE | PERCENTAGE INCREASE 
7 | Gol. | Col. | Cot. | Col. | Col. | Col. | Col. | Col. | Col. 
Il | IV Vv VI | Vit | VINT; & x xI 
Column I Column II |——} —_—— -- 
20% | 18% | 10% | 5% | 0 | 5% | 10% | 15% [Zor 
Women’s P.E.... ne ee ee oe ee ee ee a | 
Baseball. . 7 O° 7 2 0 0 0 3 3 0 0 
Football.......... 15 it @ a2 4 1 0 0 3 dq 1 
Basketball... 5s 11 0 1 4 0 ee 4 0 0 
a Ss 0 0 1 2 0 1 3 0 1 
Totals........ "77 0} 4 |12 | 7 \17 | | 6 | 6 
16 25 36 
Per cent........ 100% 21% 32% 47% 








*Complete studies on only 77 slides. 





divisions before and after exercise, respectively. Column V records the per- 
centage decrease or increase of nuclear divisions of polymorphs 1ollowing 
exercise of participants. In each of the sports, except basketball, there was 
a noticeable percentage increase in nuclear lobulation of polymorphs found 
in the peripheral circulation following exercise. 
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Since the normal number of nuclear lobes is necessarily small, the occur. 
rence of a large percentage increase or decrease after exercise is obviously 
impossible. Again, the range of values was greater after exercise. 

Table 4 records the grouping of results according to amounts of per. 
centage decrease or increase in number of nuclear divisions of polymo 
following exercise of participants. This Table is comparable to Table 2 jn 
which the data for numbers and percentages of polymorphs and lympho- 
cytes are similarly treated. 

Column I of Table 4 indicates the type of activity, and Column II, the 
number of participants in each activity. Columns III to XI record the 
number of participants in each group showing varied values of percentage 
decrease or increase in nuclear lobulations of polymorphs. A total of 36 
(Columns IX to XI) or 47 per cent of all cases showed an increase of 10 
per cent or more, while 25 (Columns VI to VIII), or 32 per cent, of all cases 
showed either an increase or decrease of 5 per cent (or less), in the number 
of nuclear lobulations of polymorphs, while only a total of 16, or 21 per 
cent, showed a significant percentage decrease. 


DISCUSSION OF DATA 


These experiments have brought out further evidence that fatiguing 
exercise produces a noticeable effect on the peripheral circulation. The most 
significant change is in the relative proportions of the white cells. The effeet 
is constant, marked, but relatively transitory. The polymorphs become 
relatively fewer, while there is a relative increase in the number of lympho- 
cytes, with the effect most marked among the large lymphocytes. The 
effect is distinguishable shortly after fatiguing exercise, and persists for a 
considerable period of time, usually diminishing gradually until the normal 
blood picture again appears, approximately within two or three hours 
after exercise. There appeared to be the same trend of effect following the 
various types of exercise. Such an effect is comparable to that accompanying 
or following certain types of infection, and is sometimes referred to as an 
“irritation phenomenon.” It represents a typical physiological lympho- 
cytosis. 

While the increase in the number of nuclear divisions of the polymorphs 
is not nearly as constant nor the percentage increase very large, there is a 
noticeable trend toward the more complete lobulation of nuclei following 
exercise. This suggests that since relatively fewer polymorphs are found in 
the peripheral blood stream following fatigue, and the nuclei of these have 
more divisions, younger polymorphs are not entering the peripheral cir- 
culation as fast as the old ones disappear. , 

The obvious effect on the red blood cells is less marked. There was no 
noticeable difference in either the depth of color or the uniformity of shape, 
and only very little effect on the size of the red blood cells. Any change i 
diameter of these cells could have been due to such factors as changes im 
the permeability of the cell wall, and are probably associated with changes 
in the chemistry of the plasma following fatiguing exercise. 
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It would have been highly desirable to include other experiments on red 
and white blood cells in the living state for the direct measurement of 
diameters, and for permeability and fragility tests, sedimentation rate 
studies, changes in electrical surface charges of the cells, etc., but unfor- 
tunately the experimental set-up at the time of the experiments did not 
permit such an extensive study. 


CONCLUSIONS 


1. Further evidence is presented that physical exercise to the point of 
fatigue produces a significant effect on peripheral circulation. This effect, 
though transitory, is relatively immediate. 

2. The polymorphonuclear leucocytes seem to appear in relatively fewer 
numbers, immediately after fatiguing exercise. 

3. There is a slightly greater degree of nuclear lobulation of polymorphs 
following fatiguing exercise. 

4. There is a marked early lymphocytosis following fatiguing exercise. 

5. The lymphocytosis is most marked in the sports characterized by 
long-sustained activity and continued competitive individual physical and 
mental performance, as in basketball and football. 


SUMMARY 


Results of studies such as the above point to the close tieup of fatigue 
and its effect upon the peripheral circulation. The frequency with which 
physical fatigue is associated with increased susceptibility to certain dis- 
eases may have a partial basis in such circulatory effects. 
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Time Patterns in Motor Learning 


Joon M. Harmon, Ed. D., Chairman 

ArtTaur G. Mituer, Ed. D., Assistant Professor 
Boston University, School of Education, Research Labora. 
tory in Physical Education 


Tue major objective of this research is to find a basis for 
improvement in methods of teaching. Teachers have been quite subjective 
in determining the frequency of practices in the teaching of motor skills 
or other school subjects. Only a few research efforts have been reported on 
the subject of time psychology. The old adage ‘‘practice makes perfect” 
seems to have much less meaning in the light of present research. The length 
of time intervals between practice periods may prove to be just as important 
as the length of practice periods. 

The unique phase of this research is the inclusion of a time pattern that 
has not been used in other research, and which is found significantly more 
advantageous than the other three patterns used. The unique time pattem 
is herein called the additive pattern. It should be noted that this pattem 
follows a five-eight ratio and is suggested or borrowed from the field of 
botany. The relationship to botany is through philotaxy, which is a law 
of growth of plants involving a five-eight ratio. 

More and more psychologists are concluding that the learning process 
is a neurological growth process, therefore, more research should be en- 
couraged in which the known laws of growth, or related factors, are applied 
to learning situations. In the opinion of the authors, the field of physical 
education offers excellent laboratories for research in which major contri- 
butions may be made that are important to all fields of education, and 
especially in studies of the learning process. 

This research is upon the level of basic or beginning skills, in which 
problems of reliability of performance may be solved or better understood, 
One follow-up study herein reported by Lawrence (11) indicates that reli- 
ability may be determined, at least in part, by the time pattern upon whieh 
basic or beginning skills are learned. 

Other research is going forward in which studies are being made of the 
most efficient time patterns for coaching the various sports. In other words, 
how long are optimum practice periods in various sports and upon what 
days of the week in relation to scheduled contest? Such questions may 
possibly be answered through experimental research in time psychology. 


EXPERIMENT IN TIME PsycHoLoGy 


Physical education includes mary skills which lend themselves to re 
search in the field of time psychology due to the fact that they can be 
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isolated, controlled and evaluated while maintaining the interest of the 
subjects. 

Billiards was used as the motor skill to be learned because set shots 
could be standardized for use by all subjects, the table could be made 
available to all participants and an interest created and maintained in the 
experiment. 

College women who had had no previous experience in playing pool or 
billiards were used as subjects for the experiment. The players were divided 
into four groups. The units of practice, number of practices and length of 
practice periods were kept constant for all groups. The time intervals 
between the practice periods were varied for each of the four groups and 
produced the following time patterns: 

1. The first group carried on their nine practice sessions three days per 
week for three weeks in a row—i.e., Monday, Tuesday, Wednesday of the 
first week, Monday, ‘Tuesday, Wednesday of the second week and Monday, 
Tuesday, Wednesday of the third week. Listing the days by numbers gives 
the following practice days: Ist day, 2nd, 3rd, 8th, 9th, 10th, 15th, 16th, 
17th. This group was called the Three-Day-Per-W eek-Group. 

2. The second group carried on their practice periods on an additive 
basis—i.e., adding the first two numbers or days to make the third number 
or day (first day plus second day equals third day); the second and third 
numbers or days to make the fourth number or day, etc., up to and including 
the fifty-fifth day which was the ninth practice session. Listing the nine 
practice periods by numbers, gives days on which the practices occurred: 
Ist day, 2nd, 3rd, 5th, 8th, 13th, 21st, 34th, 55th. This group was called 
the Additive-Group. 

3. Practice for the next group was conducted on a daily basis including 
Saturday and Sunday. The time pattern may be described as follows: Ist 
day, 2nd, 3rd, 4th, 5th, 6th, 7th, 8th, 9th. This group was called the Daily- 
Group. From a relative point of view this group most nearly approached 
massed learning as far as this experiment was concerned. 

4. The last time pattern was established on the basis of practice once 
per week. The number of the nine respective days when the practice periods 
were conducted include: Ist day, 6th, 15th, 22nd, 29th, 36th, 43rd, *, 57th, 
64th. The exception (*) to the one day per week schedule was made between 
the seventh and eighth practice periods because of vacation week. The 
group was called the One-Day-Per-Week-Group. 

A group of set shots were developed by the authors and tried out by two 
women subjects who had never played billiards or pool. During this testing 
period, which was conducted over a period of two months, eleven set shots 
were established and arranged more or less progressively in their order of 
difficulty. The first five of the eleven set shots were then selected for the 
first practice period. Number one set shot was attempted five times on the 
right side of the table. The same set shot was repeated on the left side of 
the table. This procedure was carried on with set shots two, three, four, and 
five, thus making a total of fifty shots per practice period. During each 
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succeeding practice period, a new shot was added while dropping the first stati 
set shot of the previous practice. This procedure was carried on until all patt 
eleven set shots were used. 4. 

One exception to this procedure was the retention of one set shot for all of tl 
practice periods. A constant was thus provided to show the effect of time 5. 
on learning a single set shot. for | 

The first practice period was used for instruction. Starting with the la 
second practice period and continuing on throughout the ninth practice bee! 
session, no corrective suggestions were given. 

ANALYSIS OF THE DATA 
The scores from the second practice period were selected as the basis for ot 
equating the four groups. These scores are presented in Tables 1 and 2, “i 
TABLE 1 
Summary of the data for the second practice period for the four groups 
GROUPS NUMBER RANGES | MEANS 8.D. 
I—Three day per week......... 18 19-41 29.2 6.96 
HiAdditive!...0.G..cl)) 18 2-40 | 29:1 | 6.85 
Bib Daily ...... 2... ceca ede. 18 17-43 | 03 |. 7.4 
IV—One day per week........ 18 18-42 29.2 | 6.92 
TABLE 2 
Correlation coefficients between groups 
cnovrs CORRELATION enous | _—_CoRmzLamtow a 
I-Il 0.986 II-III | 0.955 CO 
T-Iil 0.981 II-IV 0.955 
I-IV 0.973 | III-IV 0.989 
te 
0c 

At the end of the experiment the statistical differences between the four be 
groups were determined. A critical ratio of 2.50 (approximately the 1% pt 
level) was considered indicative of a statistically significant difference. 

Table 3 shows the differences in the mean scores for the four groups for the be 
last practice period. w 

1. The results of the three consecutive days per week pattern (group I) W 
were inferior to those of the additive pattern. However, it produced better 
results than the daily and the one day per week patterns, respectively, but fa 
the differences were not statistically significant. 

2. The additive time interval pattern (group II) produced the best re- sl 
sults. There were statistically significant differences in the mean gains and p 
resulting critical ratios of this group over those of the other three groups. F 

3. The results of the daily time pattern (group III) were better (but not b 
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gatistically significantly better) than those for the one day per week time 





























atil all | pattern (group IV) but inferior to the results of the other two patterns. 
| 4. The one day per week pattern (group IV) proved to be the poorest 
forall | of the four patterns. 
f time 5. The results of the one set shot which was used in all practice periods 
_ | forthe four groups were similar to the results of all set shots for the groups. 
h the | Jn other words, as far as results were concerned, the research might have 
action been limited to one set shot for all four groups. 
; TABLE 3 
Difference in means between the four groups for the ninth practice period 
sis f fe. 
nde scr Saal M S.E. Dmlm2 S. E.d c. R. 
I 18 31.6 1.26 3.0 1.20 2.50 
Il 18 34.6 0.88 
. ae — | 8 31.6 1.26 1.0 1.50 0.66 
i | 18 30.6 1.33 
6 I | 18 31.6 1.26 2.0 _ 1.56 1.28 
: m1. 38 34.6 0.88 4.0 1.48 2.71 
m | 18 30.6 1.33 
|. 3 34.6 0.88 5.0 1.38 3.63 
| 18 29.6 1.06 
nits Hr | 18 30.6 1.33 1.0 1.47 0.68 
oa 18 29.6 1.06 
CONCLUSIONS 


1. There were no statistically significant differences between the pat- 


—— | terns through the sixth practice period. Significant differences thereafter 
oceurred and were probably due to the various time patterns used from the 
four beginning of the experiment. Therefore, in conducting research in this field, 
1% practices should be carried on beyond six practice periods. 
Snes, 2. There were no statistically significant differences in the final results 
r the between the nine consecutive days pattern, the three consecutive days per 
| week for three weeks pattern and the pattern of one day per week for nine 
pl) | weeks. , 
etter 3. There were statistically significant differences in the final results in 
, but favor of the additive pattern over the other three patterns. 
4. A good base or foundation should be established in learning a new 
t re- skill such as billiards. Relative massing at the beginning of the learning 
and | process is to be preferred over widely spaced time intervals at the beginning. 
eo From three to five practice periods were found satisfactory for establishing 


beginning skills. 
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5. After the foundation has been laid, greater spacing between practice 
periods has a more favorable effect upon learning than continued 

6. Progressively lengthening the time intervals between the practice 
periods (the additive pattern) proved beneficial in learning a new motor 
skill. The additive pattern may not be the best time pattern to be used in 
learning, but should be considered as a point of reference from which further 
research may be undertaken in finding such a pattern. 


FURTHER RESEARCH 


In a follow-up study Longley (12) used a ‘“‘Massed-evenly spaced” time 
pattern (1, 2, 3, 8, 15, 22, 29, 36, 43) which, when compared with Miller’s 


(15) four time patterns gave the following results: 1 
The improvement of the ‘‘Massed-evenly spaced” group (Longley’s) was 

slightly inferior to the Additive group (Miller’s group II), although the . 

result was not statistically significant. There were statistically significant i 


differences in favor of the ‘‘Massed-evenly spaced” group over Miller's 
other three groups—i.e., Daily group, Three day per week group, and One 
day per week group. These results were similar to the Additive-Group’s 
statistically significant superiority over the other three groups. 

The results of these two studies seem to indicate that some form of a 
massed spaced time pattern should be used in learning a new motor skill. 

Lawrence (11), using over sixty per cent of the subjects used in the 
original study, made a reliability check of the Additive group (Miller’s 
group II) and the Daily group (Miller’s group III). The check was to be 
considered indicative of the degree of retention between the two groups. 

The results of the study showed a statistical significance (a critical ratio 
of 2.87) in favor of the Additive group over the Daily group. 

A conclusion which may be drawn from this study is that the retention 
in a massed-interpolated-spaced learning pattern (Additive group) was 
superior to the retention in a. massed learning pattern (Daily group). 
Further research should be conducted before any final conclusions may be 
made as all of the original subjects were not used in the reliability cheek. 

There are many unsolved problems in the field of time psychology, some 
of which are now in the process of being solved by other research workers. 
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The Effect of Systematic Weight Training 
on Athletic Power 


Epwarp Cuvul 
University of Hawaii 
Honolulu, T. H. 


Many PEOPLE, including those directly as well as those 
indirectly related to physical education and athletics, believe that weight 
training may be detrimental to the participant. Very frequently, in the 
classroom, on the gymnasium floor, and on the athletic field, the term 
“weight training” is associated with “muscle-boundness,” a condition sup- 
posedly resulting in a general slowing down of the contraction speed of the 
muscular system. No scientific evidence, however, has been advanced to 
support these beliefs. This study was undertaken to ascertain some of the 
pertinent facts concerning the effects of systematic weight training on 
athletic power. 

Weight training, as considered in this treatise, refers to a systematic, 
well-planned program of exercises in which the participant uses weights, 
barbells and dumbbells, to increase the resistance of various bodily move- 
ments. This type of exercise with weights is contrasted with the compe- 
titive type usually referred to as “weight lifting.’ In weight lifting the com- 
petitor endeavors to raise a maximum weight in a single lift, whereas in 
weight training the participant executes many consecutive repetitions of 
each exercise with a weight which has been found to be compatible with 
his strength and endurance. In competition, there are only three prescribed 
lifts, the Olympic lifts, namely, the “Press,” the “Snatch,” and the “Clean 
and Jerk.” In weight training, the exercises and the weights are selected 
in accordance with the participant’s objective, and in accordance with his 
present strength and endurance. 


Experimental Procedure 


Subjects. Two groups of subjects were used in this study. One group of 
twenty-three subjects performed the weight training exercises, which are 
outlined below, two to three times a week for one hour each period. This 
group of subjects will be referred to hereafter as Group A. The other group, 
which was composed of twenty-two subjects, did no weight training ex- 
ercises, but participated in the required physical-education program of the 
State University of Iowa. This latter group of subjects will be referred to 
hereafter as Group B. The subjects of Group A were students who had 
engaged in very little or no weight training up to the time of this experi- 
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ment, and ranged in age from seventeen to thirty-two years. The subjects 
of Group B were freshmen and sophomores from seventeen to nineteen 


years of age. 


Data 

The following data were secured from both groups at the beginning and 

at the end of the three-month training period: 

1. Body weight 
2. Sargent jump—standing 
3. Sargent jump—running 
4. Standing broad jump 
5. Eight-pound shot-put from a stand 
6. Twelve-pound shot-put from a stand 

7. Sixty- -yard sprint 
Bach subject was given individual instruction in the various tests, and 
practiced until he could perform the tests to the satisfaction of the ex- 
perimenter. The test items were administered to each subject on three 
different days, and the best performance in each test was taken as the 
record in each event. The body weight was recorded on the first test day. 
This plan was followed during the initial test and also during the final test 
at the end of the three-month period. All the subjects were instructed not 
to practice these test items during the three-month period. 

The inclusion of these six performance tests in the testing criterion was 
based on the thesis that power (the time rate of doing work, or, force times 
velocity), when applied by the human body, is the essential mechanical 
factor in the projection of the individual’s own body or of some other mass 
rapidly through space. All these events—sprinting, jumping, and throwing 
—require maximum, or nearly maximum, muscle contractions in a mini- 
mum of time, and have been well substantiated as valid test items for 
measuring power (2, 4). 

Weight Training Exercises. The following exercises were employed in this 
study (1): 


Barbell Exercises 


. High pull-up 

. Two-arm curl 

. Side bend 

Two-arm press 

Repetition snatch 

. Stiff leg dead lift 

Supine press 

. Straddle hop 

. Repetition clean and jerk 

. Squat (alternated with squat jump) 
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Dumbbell Exercises 


Squat jump (alternated with squat) 
Forward raise 
Pull-over 
. (a) Lateral raise (standing) 

(b) Lateral raise (trunk bent forward) 

5. Supine lateral raise 
6. Sit-up 

The subjects individually followed this plan of exercise. Each exercig 
was performed from eight to twelve repetitions. The sit-up exercise was 
performed from fifteen to twenty-five repetitions. Each individual subject 
used a weight with which he could correctly perform the exercise eight times 
and continued using this weight until he could do twelve repetitions with. 
out undue distress. Then the weight was increased and the eight-to-twelve 
repetition plan was repeated. In the exercises with the barbell, one weight 
(in general, about 70 pounds) was used for exercises 1, 2, and 3. A second, 
heavier weight (in general, about 100 pounds) was used for exercises 4, §, 
and 6. A third, heavier weight (in general, about 125 pounds) was used for 
exercises 7, 8, 9, and 10. Some individuals were able to use a heavier weight 
for exercise 10 than that which was used for exercises 7, 8, and 9. In the 
exercises with the dumbbells, the weight used (in general, about 15 pounds) 
was the same for all five exercises. There were a few individuals who were 
able to use a dumbbell heavier by about five pounds for exercise 2. In the 
sit-up exercise, a weight was used for 15 repetitions and was not increased 
until 25 repetitions could be performed. In general, the subjects used from 
5 to 20 pounds in this exercise. 


yeh 


RESULTS 


The data obtained from the subjects of both groups are summarized in 
the following tables. The figures presented in Tables 2-7 would seem to the 
writer to justify the statements made following the appropriate tables, 
concerning the effects of systematic weight training on athletic power. 

Power as Related to Jumping. The results of the standing Sargent jump 
test showed that the mean improvement was 7.2 em. The gains varied 
from 1 cm. to 12 em. All the subjects showed an improvement in this test. 

The results of the running Sargent jump test showed an average improve 
ment of 7.6 cm. The range in improvement varied from 1 cm. to 14 em. 
Twenty-two subjects showed gains and one subject showed no differenee. 

The results of the standing broad jump test showed an average improve- 
ment of .3 of a foot. However, of the twenty-three subjects tested, twenty- 
one showed an improvement ranging from } inch up to 10} inches, while 
one subject showed a loss of 1 inch and one subject deowed a loss of 2} 


1 The figures used here in the discussion of the findings together with the implica- 
tions drawn from them, all refer to Group A. There was no significant improvement 
in Group B. 
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TABLE 1 
Body weight (pounds) 
GROUP A GROUP B 
Means of body weights “RS Means of body weights 
SR ren cs on See 157.3 i | eee” ..| 146.8 
Final test.......... ere i Fing?test................ er ae 


Mean of gains among those 


Mean of gains among those 
who gained weight..... wit 3.8 


who gained weight Bea 4.5 





Mean of losses among those | Mean of losses among those 
who lost weight............. 2.2 | - who lost weight............. 2.5 


| 








The differences or changes recorded in body weight ranged from a gain of 13 
pounds to a loss of 4 pounds for Group A, and from a gain of 7 pounds to a loss of 
3 pounds for Group B. 


TABLE 2 
Sargent Jump—standing (centimeters) 





GROUP A GROUP B 








Means of jumps 
Initial test..................| 583.36 
UE ME ios cbs os oe daeuane 53 .26 


Means of jumps 
Initial test... . . «kaka 
Final test..... Peis so kaa 59.6 


Mean of gains among those 
We Qe... ws eee 3.86 


| 
Mean of gains among those | | 
who gained.... ian ¥ 7.2 | 
| 

| Mean of losses among those 
| WN Rae oc... oo cee 2.14 


No losses were recorded 











The difference in performances recorded for each subject ranged from a gain 
of 1 to 12 centimeters for Group A, and from a gain of 8 centimeters to a loss of 4 
centimeters for Group B. 


TABLE 3 
Sargent Jump—running (centimeters) 





GROUP A GROUP B 





Means of jumps | Means of jumps 
a 56 a eee 56.9 
Final test... . esc: See a So ee 55.9 


Mean of gains among those 


Mean of gains among those 
who gained. ..... ears See i 


who gained................. 2.88 


Mean of losses among those 


No losses were recorded 
WEAN «5+ ~ cons p sane 3.18 











The difference in performances recorded for each subject ranged from no dif- 
ference to a gain of 14 centimeters for Group A, and from a gain of 8 centi- 
meters to a loss of 7 centimeters for Group B. 


inches, Among the twenty-one subjects who did show an improvement, the 
mean improvement was 3.99 inches. 
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TABLE 4 
Standing Broad Jump (feet and inches) 








q a 
GROUP A | GROUP B 
mS a 
Means of jumps | Means of jumps 
Epatsal test..........5.... 7.5 ft See | 7.15 ft, 
PP Mere ieee 7.8 ft. ee eee | 7.14 ft. 
Mean of gains among those | Mean of gains among those | 
who gained.............. 3.99in. | who gained........ ....| 2,375 im, 
Mean of losses among those Mean of losses among | 
We POGE i i, seen... eee 1.75 in. those who lost...........| 2.885 in. 











The difference in performances recorded for each subject ranged from a gain 
of 10.25 inches to a loss of 2.5 inches for Group A, and from a gain of 4.25 inches to 
a loss of 7 inches for Group B. 

















TABLE 5 
Eight-pound Shot-Put (feet and inches) 
GROUP A GROUP B 

Means of puts Means of puts 

Renee S666... 2.00.05 33.33 ft. Initial test. ...... ..| BL.184 ft. 

mame £080... 36.32 ft. Final test............... 1 "Si 
Mean of gains among those Mean of gains among those 

who gained.............. 2.98 ft. who gained ...... ... Sa 
No losses were recorded |Mean of losses among | 

| | those who lost... | 1.91 ft. 








The difference in performances recorded for each subject ranged from a gain 
of 5 feet 3 inch to 1 foot 12 inches for Group A, and from a gain of 5 feet ll 
inches to a loss of 5 feet 10 inches for Group B. 


TABLE 6 
Twelve-pound Shot-Put (feet and inches) 














GROUP A GROUP B 

Means of puts “Means of puts 

Initial test ...............| 27.18 ft Initial test........ ...| 25,12 ft. 

nee 29.5 ft. Final test ......... ... +) 25.7 6 
Mean of gains among those Mean of gains among 

who gained .............. 2.37 ft. those who gained ........| 1.41 ft. 
No losses were recorded | Mean of losses among 

those who lost ..... ... +.) 10.34 in 











The difference in performances recorded for each subject ranged from a gain of 6 
inches to 4 feet 93 inches for Group A, and from a gain of 3 feet 5 inches to a loss 
of 2 feet for Group B. 


The data obtained from these jumping tests indicate that systematie 
weight training as outlined in this study has a decidedly positive effect 
jumping power. 
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Power as Related to the Shot-Put. The results of the eight-pound shot- 
put test showed a mean improvement of 2.98 feet or 2 feet 11% inches.’ 
The gains varied from 1 foot 1% inches to 5 feet 3 inch. All of the subjects 
tested showed an improvement. 

The results of the twelve-pound shot-put test were similar to those of 
the eight-pound shot-put test. The mean improvement was 2.37 feet or 2 
feet 44 inches, with the gains varying from 6 inches to 4 feet 9% inches. All 
of the subjects tested showed an improvement. 

The data obtained from these shot-put tests show that systematic weight 
training as outlined in this study has a positive effect on power involved 
in the shot-put. 

Power as Related to Sprinting. The results of the sixty-yard dash showed 
that of the twenty-two subjects tested, seventeen showed an improve- 























TABLE 7 
Sizty-yard Dash (seconds) 
GROUP A GROUP B 

Means of times Means of times 

Initial test 7.9 Initial test.............. 8.05 

Final test. 7.57 FUE WE occ ee 8.1 
Mean of gains in speed Mean of gains in speed 

among those who ran among those who ran 

faster.... 0.33 eee Pee eee, 0.16 
Loss in speed for one sub- | Mean of losses in speed 

ject who ran slower 0.1 among those who ran 

G6. i... ae 0.18 

~ ‘The difference in performances recorded for each subject ranged from a gain 
of 0.6 of a second to a loss of 0.1 of a second for Group A, and from a gain of 0.2 


of a second to a loss of 0.4 of a second for Group B. 


ment, four showed no difference, and one ran slower by 0.1 of a second.* Of 
the seventeen who ran faster, the mean improvement was 0.33 of a second, 
with the gains in speed varying from 0.1 of a second to 0.6 of a second. 

These results indicate the probability of increasing speed through train- 
ing with systematic weight training exercises. 


GENERAL INDICATIONS 


The data obtained from this study and the implications drawn from the 
data indicate that the subjects of Group A seemed to increase the amount 
of potential power through systematic weight training exercises, whereas, 


* The figures used here in the discussion of the findings together with the implica- 


tions drawn from them, all refer to Group A. There was no significant improvement 
in Group B. 

* The figures used here in the discussion of the findings together with the implica- 
tions drawn from them, all refer to Group A. There was no significant improvement 


found in Group B 
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the subjects of Group B did not show such consistent increases. Power, 
being force times velocity, in the human body is apparently limited by the 
muscular viscosity (3). The greater the speed of contraction, the more force 
is required to overcome the viscosity of the muscles. With an increase jn 
strength, however, more force can be used to overcome the viscosity of 
the muscle, and to force the maximum velocity to higher levels. 

This study concerned itself solely with the effect of weight training on 
athletic power, and no data were presented relating to improvements in 
actual strength, in muscular endurance, or in circulorespiratory endurance, 
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Extra Pay for Extra Services 


JouN H. SHaw 

Syracuse University 
and 

GrorGe H. KRaBiin 


St. Lawrence University 


WwW HAT is the present policy and practice regarding com- 
pensation for extra services in the high schools of New York State? To 
discover the answer to this question a questionnaire was sent to all city 
superintendents, village superintendents and to all central school prin- 
cipals' in the State. It is hoped that the findings will be of help to the 
schools in New York State and other states which have not yet set up such 
policies and practices or who are planning to revise their present system. 

Fifty-two? replies were received from the 62 city superintendents, 76 
from the 100 village superintendents and 279 from the 346 central schools. 
This represents a return of 84, 76 and 81 per cent respectively. 

The following questions were asked: 


1. What is the policy of your school (or school system) with regard to compensa- 

tion for extra services? Check correct answer 

(1) Load compensation—no salary differential i rreeneteees 

(2) Extra pay schedule for extra services 0 neeenesnnene 
(3) Included in basic salary (e.g. regular salary for other teachers, $2400, 

for physical education teachers $2800) 00a ete 

(8): No pay or load differential)... Giiviernsderd & | atic te Ee ees 

lee, ener: (please expiMim).§ i) i Thue blade, oh eed ee 

Please enclose copy of policy and/or pay schedule if available 


2. If there is extra pay what is the source? 
(1) Board of Education funds =#§=§ . = °* . |. ° > 3aiReses 
(2) Athletic Fund (gate receipts) We ete 
(3) Others (list and explain—e.g. receipts from school play) (2 wrevesus.... 








' City and village superintendencies are difficult to define adequately. The cities 
are such by their charter and in general are larger than villages although there is 
considerable overlap. A village superintendency is a superintendency in a village 
of over 4500 population as determined by the Commissioner of Education. Village 
lines and village superintendencies may or may not coincide. Central School Districts 
can be compared to consolidated schools in other states. 

* Only 50 answers in this group actually were tabulated due to inadequately filled 
out questionnaires in two cases. Therefore 50 will be used instead of 52 in the rest 
of the study. 


195 





A ae " ena 


RXTE 


errnanvae apreancprrennen ets 


+ RON er ree tm RO eS Be 2 











196 RESEARCH QUARTERLY 


3. Supervision of which school activities carry extra pay? pit ben 
* . . 4 sation 
(1) Club activities (e.g. dramatics, band, yearbook—list names below) . 
a “os ness aS. Sm EO Bo SLATES FT a 
(3) Interscholastic sports (list below) all 
(4) Other activities (list as in the above) fi 


4. Please add here any information not already listed that wiil help us to under. 
stand more fully your system of compensation for extra services. 


Chart I is a summary of the answers received to the first question— 


what is the policy of your school, or school system, with regard to com. 
pensation for extra services? With a few exceptions the answers indicated 




















CHART I 
School policy regarding compensation for extra services 
suPEain- SUPERIN- |  scHoors | TOTAL OF "wart 
TENDENTS TENDENTS ADMINISTRATORS!  SROUPS 
$0 (total | 76 (total | 279 (total I 405 (total 
answering) answering) | answering) | answering) 
(1) Load compensation—no sal- 
ary differential........... 6 (12%) 6 (8%) 57 (20%) | 69 (16%) 
(2) Extra pay schedules for 
extra services............ 21 (42%) 29 (38%) 32 (11%) | 82 (20%) 
(3) Included in basic salary...., 5 (10%) | 13 (17%) | 98 (35%) | 116 (28%) 
(4) No pay or load compensa- 
MRE AY bicgor hin Stecc. 4 (8%) | 7©%) ~| 529%) | 63 (6%) 
(5) Some combination of the | 
epeve fOUr... 5. ook ne 14 (28%) 21 (28%) 40 (15%) | .75 (19%) 





clearly the policies of the individual schools. The superintendent of one 
city school iadicated a combination of load compensation—no salary differ- 
ential and no pay or load differential! The only plausible explanation for 
this seeming inconsistency is that some people are treated in a different 
manner than others revealing that there is no real policy except one of 
expediency. 

A few village superintendents also indicated incompatible combination 
policies. In at least one instance this was explained by a transition from 
one policy to another in regard to extra pay. As the new policy was net 
made retroactive a temporary dichotomy of practice exists. There were also 
a few apparent inconsistencies in the policies reported by the central school 
principals. 

The one striking difference in policy discovered in the study was that 
city and village schools in New York State are much more likely to have 
extra pay schedules for extra services than are central schools—42 and 38 
per cent respectively as compared to 11 per cent. Conversely, central 
schools are much more likely to include extra pay for extra services in the 
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basic salary—35 per cent as compared to 10 and 17 per cent for the city 
and village superintendents. 

Chart II is a summary of the answers received to the second question— 
If there is extra pay what is the source? 

Some very interesting and unusual extra pay for extra duty items ap- 
pear in Chart IV. A few of these and the salary increment provided yearly 
are: 


mueention Master...... 0.60... bist Oe ee ee ee $175 
Deemer Director... <.. . s50is.0. 40k ee Se cee $75-$150 
Alumni and Former Student Relations.................... $100 
Bus Starter Ber: . Sarina eC eae Set $100-$200 
Head of Family with Dependents.......................... $500 


CHART II 
Source of extra pay 








crry VILLAGE | CENTRAL /TOTAL OF THREE 

|  SUPERIN- SUPERIN- | SCHOOL GROUPS 

| TENDENTS TENDENTS (ADMINISTRATORS) ANSWERING 

bead 

| 36 (total 49 (total | 80 (total 165 (total 
answering) answering) answering) answering) 








(1) Board of Education Funds.| 33 (91%) 48 (98%) | 75 (94%) | 156 (94%)* 
(2) Athletic Fund (gate re- | 
1 (8%) | 1@%) | 10%) | 3 @%) 


ceipts)... > aoe 
(3) Others (list and explain— 
e.g. receipts from schocl 





— | 
Combination of (1) 
and (2)........... ....| 2 @%) | 34%) | 5%) 
City recreation funds. . | 10%) 1%) 











* Because of the very large number of schools returning questionnaires with- 
out answering this question (64%) the results may not represent the actual 
situation in the schools of the state as a whole. 


Two items of interest gleaned from the answers to question four—any 
additional information that would help in understanding a particular 
school’s system of compensation for extra service—were: 


(1) Several schools mentioned that they were paying extra for junior 
high school sport coaching although no such break down was re- 
quested in the questionnaire. 

(2) One school stated that it paid a flat $2.50 per hour for services be- 
yond a normal load (normal load was defined as 5 classes daily plus 
75 hours extra-curricular work for academic teachers, 5 classes plus 
200 hours for art, music and shop teachers, and 5 classes plus 350 
hours of extra curricular activities for physical education teachers!). 

(3) One village school indicated a policy of granting a family allowance 
and stated that extra services had been volunteered by the recipients 
of these benefits. 
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This study did not attempt to establish what is desirable policy or prac- 


tice but the authors are convinced that teaching services should not be 
eontracted for piecemeal and that negotiations should be on the basis of 
arriving at a salary which covers all the duties of a particular teacher. This 
should not be interpreted to mean that extra duties should be added to a teachers 
load without an increase in base pay or that certain teachers should have 
greater responsibilities without added remuneration. 


oOUlCOtl alc iC ON 
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ll. 


CHART IV 


Miscellaneous Headings* 











NUMBER SALARY RANGE AND 
REPORTING MEDIAN 
1. Administration (general) head of department, 16 (4%) $100-1200 
secondary schoo! vice principal, assistant to Median 200 
the principal 
_ Attendance (census) 6 (1% $100-200 
Median 100 
_ Cafeteria (manager-cashier) 5 (1%) | $100-200 
Median 200 
. Fund administrator (treasurer extra funds, 27 (7%) 
controller, extra class funds, fund auditor) Median 150 
. Advisors (class, club) 32 (8%) 
Median 100 
. Guidance and Counseling 6 (1%) $1 
Median 225 
. Head of family with dependents 1 (0.2%) | $500 
. Services (book store, er maintenance, lab 15 (4%) $84-700 (some 
maintenance, work on athletic field, art de- listed hourly 
partment services, bus starter or driver) pay rate) 
Median 125 
. Special jobs (alumni and former student re- 8 (2%) $75-400 = (some 
lations, testing, detention master, cheerlead- listed hourly 
ers, morning study hall, photography) pay rate) 
Median 150 
Special teaching (industrial arts, girls physi- 9 (2%) | $100-700 
eal education, driver training, agricultural Median 200 
supervision and agricultural projects) 
Supervision adult and evening education 15 (4%) | $2.00 per hour 
600 annually 


12. 


* Only totals for the three groups and total salary ranges are given. 


Visual education 








edian 250 


M 
4 (1%) | $75-300 


Median 150 





The following conclusions in regard to the New York State Schools sur- 


veyed seem justified on the basis of the findings of this questionnaire: 





(1) Practically all schools have some type of extra pay for extra service 


policy but both policy and/or practice is confused or chaotic in 
many instances and even contradictory in a few. 


(2) The program of extra pay for extra services has been carried so far 


in individual school systems that in some instances all duties out- 
side of actual class meetings seem to have been contracted for on an 
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individual piecemeal basis! This may be accounted for partially 
an administrative attempt to provide salary increases where boards 
were unwilling to increase basic salary schedules, although no dire 
evidence of this was uncovered by the study. 


(3) City and village schools are much more likely to have extra 


(4) 


(5) 


(6) 


(7) 


(8) 


schedules for extra services than are central schools—42 and 389, 
respectively as compared to 11%. 


Apparently central schools have gone much further toward a soy 
tion to this problem than the village and city schools, since they ay 
much more likely to include extra pay in a basic salary—35% y 


compared to 10 and 17%—or if there is no salary differential they 


are more likely to give load compensation—20% as compared to } 


and 8%. 


Practically all schools—94%— indicate the source of extra pay fund 


was the board of education. However, only about one third of th 
schools replying answered this question. This figure may not, ther. 
fore, represent the actual situation in the schools of the state asq 
whole. 

Apparent inconsistency in policy and practice within some schod 
systems is explained by a change of policy which was not made 
retroactive. 

Less than 2% of the schools replying stated that extra pay came 
exclusively from gate receipts and only 2.5% reported a combination 
of gate receipts and Board of Education Funds. One school reported 
use of city recreation funds for this purpose. Therefore, only § 
schools out of 165 reported deviation from the generaliy accepted 
practice of financing extra duties from Board of Education funds 
The only instance where all schools reporting gave extra pay for 
extra service was in city superintendencies for coaching football. 
Basketball was a close second with 88% of the same group reporting 
extra pay. 
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Bilateral Effects of Muscle Activity 


ArruurR T. StaTeR-HAMMEL* 
Indiana University 
Bloomington, Indiana 


Tue TRANSFER effects of systematic exercise of muscles 
in one part of the body upon muscles in another part of the body has been 
the concern of a number of investigations. One of the earliest of these 
studies appears to be that of Scripture (6) at the Yale Psychological Labo- 
ratory. In this study it was found that exercise of one hand with a dyna- 
mometer resulted in an increment of muscular performance of the other 
hand. In a second study, conducted in the same laboratory, ‘Davis (4) 
reported that systematic exercise with dumbbells, a dynamometer, and 
ergograph in one part of the body markedly influenced the muscular per- 
formance in other parts of the body. It was also noted that the exercise 
effects were greatest in symmetrical and related parts. 

Wissler and Richardson (7) reported that daily exercise of pulling on a 
dynamometer with one arm increased muscular performance in the ac- 
cessory muscle of that arm (muscles presumably not directly used in per- 
formance of the exercise) and in the muscles of the unexercised arm. In 
this experiment, an attempt was made to study the mechanism of these 
exercise effects by using tambours to record the presence of muscular con- 
traction. From the data obtained it was concluded that contraction of one 
muscle in the arm resulted in a diffusion of motor impulses which produced 
contractions in the associated accessory muscles, and this, presumably, ac- 
counted for the improvement of muscular performance. Since the exercise 
efiects also appeared in muscles of the unexercised arm, it was inferred 
that the diffusion of motor impulses spread from the exercised to the un- 
exercised arm. In accounting for the exercise effects in the unexercised 
member the authors concluded: “. . . it must not be claimed that muscles 
do not receive cross-exercise until more refined methods of observation are 
used than heretofore available in such experiments’! (7, p. 37). 

A series of recent investigations by Davis (1-3) have given considerable 
support to the theory that the transfer effects of systematic exercise are 
due to “cross-exercise.’’ These studies indicate that simple voluntary move- 
ment in one limb is accompanied by muscular activity in all four limbs, 
i@., in an extension of the right foot, with subject reclining, there is not 


* The writer is indebted to Mr. Robert L. Stumpner, who assisted in testing and 
training many of the subjects. 

'C. Wissler and W. W. Richardson, “Diffusion of the Motor Impulse,”’ Psycho- 
logical Review, 7: 37, 1900. 
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only the normal muscle activity in the extensor muscles of that mem 

but there is also muscle activity in the extensor muscles of the left fou 
and the two hands. While this remote activity is much less than that of th 
active member, it is, nevertheless, substantial. In view of the general 
sults obtained in transfer studies, it would seem that this remote activity 
is great enough to constitute a form of muscular exercise. b 

One of the most recent and comprehensive studies on the transfer effecy 
of exercise appears to be that of Hillebrandt, Parrish, and Houtz (5). Thy 
study involved training with heavy w eights, a modified Mosso finger 
ergograph, and a grip dynamometer. The results obtained were in 
agreement with previous reports. From observations of their subjects jy 
action, the experimenters concluded that the transfer effects of exercig 
were probably due to the diffusion of motor impulses and to tonic posturl 
reflexes. 

While the cumulative weight of evidence leaves little doubt but that th 
transfer effects are genuine, there appear to be a number of disturbing 
features relative to the experimental procedures of most, if not all, of the 
reported studies. Among the most common criticisms which can be made 
are the following: 












1. In some instances, conclusions are based on evidence obtained from 
only one or two subjects. 

2. The subjects and authors often appear to be the same persons. 

3. From a description of the training procedures used, it would seem 
that the so-called unexercised members were often actively engage! 
in supporting the other functions. : 

4. None of the experiments have used control subjects, and it is im 
possible to estimate how much of the transfer effect was due to th 
experimental variable and how much to factors external to ie 
periment. 


In view of these laine it was deemed worthwhile to further ee 
plore the transfer effects of systematic exercise. The experiment herein re 
ported presents data relative to the bilateral effects of a systematic Ge 
ercise program involving simple flexion and extension of the “7a 
forearm. While the general procedures make no claim for originality, the 
experiment was conducted under the following conditions: 

1. No subject had any insight into the hypothesis being tested; conse 
quently, the data obtained were probably not influenced by any 
psychological factors arising out of preconceptions of what the re 
sults should be. 

2. During exercise the body was always placed ‘in such a position that 
the unexercised member was not called y si to give support, mail 
tain stability, etc. 

3. A control group was utilized as a means of estimating the changes ob- 
served in the experimental group. 
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Apparatus and Procedures 


The general arrangement of the apparatus and the disposition of the 
subject is shown in Figure 1. As can be seen from this photograph, the ap- 
paratus consisted of three exercise stalls set up along a long, sturdy table. 
A padded arm rest was mounted in each stall. This served to fix the upper 
arm and enabled an isolated muscle group (flexors of the forearm) to work 
against resistance until exhaustion. A length of leaded iron pipe, 1} inches 
in diameter, and weighting 14 pounds, served as the resistance. 

A 2 inch x 14 inch wooden bar was mounted across each stall. The ad- 
justment between the bar and the arm rest was such that when the sub- 





Fie. 1. Arrangement of apparatus and disposition of subjects 


ject flexed his forearm to 90 degrees his hand came in contact with the 
bar. The outer surface of the bar (surface nearest subject) was well padded 
with foam rubber and served as a head rest. A padded metal plate was 
mounted on the inner surface of the bar. Contact of the plate with the 
hand closed a micro-switch and activated an electric counter, which auto- 
matically counted the arm flexions. 

A metronome, wired into a buzzer circuit, served to set the rate at. which 
arm flexion and extension was made. The metronome was adjusted to 
sound the buzzer at the rate of 70 per minute. This rate gave a total of 35 
arm flexions per minute. ~ 

Standardized instructions were read to the subjects throughout the 
initial trials. During this reading the experimenter sat at one of the ex- 
ercise stalls and gave a demonstration of postural adjustment, type of 
movement desired, etc. The text of the instructions, which explains the 
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subject’s postural adjustments, general testing procedures, etc., was as fok 
lows: 


This is a test of muscular endurance. Your task will be to flex and extend you 
arm while holding this weight in the palm of your hand. Your flexion and extension 
will be done to the rhythmical sounding of a buzzer. 

At the start of the test, you will seat yourself in the chair before the exercise table 
as I am now seated. You will place your arm in the padded arm rest, and you wil) 
grasp the weight with the arm extended and the palm up. The side of your chest rests | 
against the front of the padded arm rest. Your forehead rests against the padded 
cross bar, and your feet will be placed flat on the floor in front of the chair, You | 
other arm will rest comfortably on the table with the palm up. At no time should 
you attempt to use this arm during the test. 

You will note that when you flex your arm to right angles, your hand will come in 
contact with the padding across the inner surface of the’cross bar. Coming in eon. 
tact with the bar activates a counter and automatically counts your arm movements, 
It is not necessary to bang the bar with any great force; a light contact is sufficient 
to activate the counter. 

When you have seated yourself and made the correct adjustments, I will start 
the buzzer. After you have had several minutes to learn the rhythm, I will give the 
signal and you will start flexing and extending your arm as long as you can. 

When you reach the point where you fail to keep up with the rhythm for two con- 
secutive movements, you have reached the limits of your performance for the purpose 
of this test. At this point, you will place your hand on the table and sit quietly until 
I tell you to stand up. When all subjects have gone their limit, I will give the signal 
for you to leave the table. — 

REMEMBER THIS IS A TEST OF MUSCULAR ENDURANCE! The suceess 
of this test depends upon your cooperation. Do you have any questions? 


Upon completion of this explanation and demonstration, the subjects 
were seated in the chairs before the exercise stalls. After checking for and 
correcting any postural faults, the buzzer was sounded to demonstrate the 
nature and the rhythm of the stimulus to which they would react. 

It is to be noted that at no time during the experiment were the subjects 
introduced to the precise nature of the hypothesis under investigation; as 
indicated in the instructions, the experiment was presented simply as a 
series of muscular endurance tests. 

A group of undergraduate university men were given an initial test on 
left arm performance. On the basis of this test, it was possible to select 
ten pairs of subjects with approximately equal scores. In ‘orming the ex- 
perimental and control groups, one man of each matched pair was as- 
signed to each group by the toss of a coin. The general experimental pro- 
cedures were as follows: 


1. Both groups were given an initial test on left arm performance. 

2. Following the initial test, the experimental group received three weeks 
of systematic exercise in flexion and extension of the right arm. During — 
this training period, the subjects took what they considered to be 
a good workout at their own rhythm on Monday, Wednesday, and 
Friday. On Tuesday and Thursday the subjects went all out under 
regular testing conditions. 
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3. At the end of the training period, both groups were retested on their 
left arm performance. 

4. Two weeks after the training period, both groups were again tested 
on their left arm performance. 


RESULTS 


Table 1 presents the experimental data on the bilateral effects of mus- 
cular exercise. A comparison of the means and standard deviations of the 












































TABLE 1 
Data | on bilateral effects of exercise 
PRE-EXERCISE END EXERCISE POST-EXERCISE 
tel LEFT ARM LEFT ARM LEFT ARM 
Moen . | aM Mean oM Mean oM 
Experimental | 53.5 | 3.820 | 79.8 | 3.646 | 62.1 | 4.630 
Control. . | 53.2 3.946 58.2 5.896 58.4 5.033 
TABLE 2 
Summarizing changes in left arm performance as a result of exercising right arm 
GROUP MEAN GAIN LEFT ARM AT END | MEAN GAIN LEFT ARM 
OF EXERCISE POST-EXERCISE 
Experimental. . : 26.3 8.6 
Control....... 5.0 5.2 
Difference . .. 21.3 3.4 
¢ Difference. ... cial 5.153 5.391 
a 4.134 0.631 
Sere... 9 9 
aa below 0.01 above 0.5 








initial left arm performance (Pre-Exercise, Left Arm) reflects the extent 
to which it was possible to match individuals in each pair. Actually, the 
difference in initial left arm performance between the individuals in each 
pair was never greater than 5 per cent of the range of scores, and these 
were effectively balanced between the two groups. 

Table 2 summarizes the mean gain at the end of the exercise period and 
the post-exercise period for both groups. The mean difference between 
groups was determined from the distribution of differences between pairs. 
At the end of the exercise period the experimental group showed a mean 
gain of 21.3 flexions over the control group. That this difference is signifi- 
cant is revealed by a ¢ value of 4.134. For 9 degrees of freedom, a ¢ value 
of 3.250 is significant at the 1 per cent level of confidence. Any hypothesis 
that this difference could be attributed to chance is thus rejected. 

In the post-exercise tests the experimental group showed a mean gain 
of 3.4 flexions over the control group. This difference is not statistically 
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‘significant and could well be attributed to chance factors. It is, howeve, 


of significance to note the rapidity with which the experimental grou 
loses its superiority during the post-exercise period. 


DISCUSSION 
The evidence obtained shows that a systematic exercise program in. 


volving the flexion and extension of one arm results in a positive and signif. | 
cant improvement in the muscular performance-of the other arm. While’ 
these results are in general agreement with earlier studies, they must be 
interpreted with some caution. It is, of course, possible that the bilaterl’ 
effects were due simply to a raising of the subjects’ tolerance to fatigue } 


sensation. During strenuous and systematic exercise of one group of mus. 
cles a person probably learns to ignore or tolerate the feelings of muscular 
fatigue for a greater period of time, and this may transfer and influence 
the performance of other muscle groups. Also it is possible that the training 
effect is due to a bilateral transfer of motor coordination. On the other 
hand, the fact that bilateral gains are rapidly lost after the cessation of 
exercise suggests the gains are due primarily to exercise. 


This suggestion is further supported by the Davis studies (1-3), which 


show that simple voluntary movement of one extremity results in muscular 
excitations in all four extremities. These facts of remote muscular excita- 


tion provide a possible mechanism through which the bilateral effects of 


muscle activity can occur. The results of the present study indicate that 
remote muscular excitation can be utilized to improve the muscular per- 
formance of remote musculatures. 

The investigations by Davis, along with the several studies supporting 


one of the theoretical implications in Davis’ findings, imply a conception 
of muscular activity quite unlike that of general kinesiology. As stated by — 


Davis? (2): 


Even in a very simple sort of response there is a widespread “‘structural’’ pattern 
of action. The true unit of activity must be, not the flexing or extending of a particu- 


lar muscle or limb, but an adjustmental design in which many regions of the organ- — 


ism participate. 


It is suggested that further insight into the nature, extent, patterns, © 
and conditions of remote muscular excitation will lead to a better under- — 
standing of physical education activities and corrective procedures. That ~ 
the transfer effects of exercise may be used as a therapeutic tool has been — 


suggested by Hillebrandt, Parrish, and Houtz (5). 
SUMMARY 


Twenty male college students were employed in a study to test the bi- 
lateral effects of systematic exercise. Ten students received three weeks of © 


exercise in flexion and extension of the right arm. Ten control students re- 


?R. C. Davis, ‘The Pattern of Muscular Action in Simple Voluntary Movement,” 
Journal of Experimental Psychology, 31: 363, 1942. 




















of mus- 
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ceived no special exercise. At the end of the exercise period, the experi- 
mental group showed a significant gain over the control group in flexion 
and extension of the left arm. Two weeks after the exercise period the ex- 
perimental group lost their superiority over the control group in their left 
arm performance. It is suggested that exercise of one arm produces a posi- 
tive and significant improvement in the muscular performance of the other 
arm. 
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A Frictional Bicycle Ergometer 


Perer V. Karpovicu, M.D. 


Springfield College, 
Springfield, Mass. 


Tae FRICTIONAL type of bicycle ergometer, in which 
resistance to pedaling is supplied by friction against the wheel of the bi- 
cycle, was the only type used in physiology until the second decade of this 
century. The ones of that day had various constructional and operational 
drawbacks, however, which made their use rather difficult. Therefore, two 
other types, the electrodynamic and the electromagnetic, were developed, 


In the electrodynamie type (5, 8), an electric dynamo geared to the bieyele 
supplies the needed resistance. In the electromagnetic type (3), the back 


wheel of the bicycle is replaced by a copper disk revolving between the 
poles of an electromagnet, which acts as a brake. 

Unfortunately, these two types of ergometers are expensive, require ex- 
pert installation, calibration, and handling. 

In one investigation (4), the present writer decided to use nine bicycle 
ergometers. The cost of electrodynamic ox electromagnetic bicycles would 
have been prohibitive; moreover the installation and calibration would 
have required expert attention. For this reason, it was decided to use the 
frictional type described by Martin in 1914 (7). Martin called it a “simple 


and convenient form’’, but in the writer’s experience, it proved to be - 
neither. The adjustment of the two spring scales on each bicycle required - 
four hands and a “blitz” mental calculation, and the thin fabric from whieh — 
the brake bands were made did not last long. Mechanical engineers were — 


consulted about the frictional bicycle ergometer described by Lamb (6). 


In their opinién, it had constructional weaknesses because the flywheel 
had to be weighted with a lead piping around the rim, complicating the — 
balancing of the wheel. A model described by Amar (1) was also judged to — 


be impractical. 

After trying out a number of variations in the construction of the ergom- 
eter, the present modification was designed. During the first experiment 
which lasted over four months and involved the use of the bicycles for 


several hours daily, the bicycles were kept in working order by a high- — 


school student. These ergometers are now 10 years old. They have been 


ridden for uver 4000 miles; moreover, they have been used by students in 
laboratory work where they are often abused. Yet they are still in working — 


shape and, with the exception of replacing worn out pedals and other small 
parts, they have required little attention. 
For schools of physical education, this improved frictional ergometer 
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may be of great practical importance. Most of these schools have very 
small budgets, if any, for laboratory work in physiology of exercise. Often, 
space is also limited. Yet, for efficient teaching, a laboratory may require 
several bicycle ergometers. They should be inexpensive, simple to con- 
struct, install, maintain, and operate. They also should be able to with- 
stand hard usage by students, and preferably be portable. 

The simplicity of operation of the frictional bicycle ergometer explains 
why it has been used by other investigators. For instance, Asmussen and 
Beje (2) used this type although there was an electromagnetic one avail- 
able. 

During the past three years, the writer has received a sufficient number 
of inquiries regarding the frictional bicycle ergometer to warrant the writing 
of the present article. 

Construction of the Ergometer. An ordinary bicycle can be easily con- 
verted into this ergometer, although the reconversion of a commercial 
stationary bicycle gives a more compact machine. The ergometer described 
here, and shown in Figure 1, represents such a reconverted ‘“‘Rollfast”’ 
exercise bicycle. The original solid rubber tire on the front wheel has been 
replaced by a one and one-half inch wide, and three-quarters of an inch 
thick steel band welded to the rim and made true on a lathe. The total 
weight of the wheel is about 20 Ibs.; thus this wheel has acquired also the 
function of a flywheel. Because of the momentum developed by this wheel, 
the operation of the bicycle becomes smooth. Without the flywheel, the 
movements of the legs would be jerky, and fatiguing, and the speed would 
fluetuate considerably. A length of automobile brake band (D) has been 
placed around the flywheel. The upper end of the brake band is connected 
with a spring scale (4) by means of a cord, and the lower end of the brake 
is connected with suspended weights (B) and (C). The cords are guided by 
the three ball-bearing pulleys (Ff). (The number of pulleys may be reduced 
to two.) The bicycle is bolted to the platform, to which is attached a frame 
(@) supporting the scale and the weights. The sizes of the platform and 
the trame are arbitrary. Rather convenient dimensions are: length of the 
platform, 5 feet; width of the platform and the frame, 20 inches; distance 
of the upper cross piece of the frame from the floor, 5 feet; distance of the 
lower cross piece from the floor, 3 feet. These dimensions are arbitrary. 
Anyone can re-design this construction to fit his own conditions. 

When a need arose for an ergometer to be used in a low pressure chamber, 
the writer designed a very compact, portable ergometer that could fit the 
space available. 

The bicycle has a speedometer (Z) showing the speed in miles per hour 
and the distance covered by the flywheel. It can be reset to zero before a 
ride. (An old automobile speedometer of resetting type may be used.) If 
the radius of the flywheel differs from that of the ordinary bicycle for which 
the speedometer has been manufactured, a correction table can be made 
easily by measuring the distance traveled by any point on the flywheel 
corresponding to one mile on the speedometer. A tally counter, recording 
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either the number of wheel revolutions or pedal revolutions (or both) em 





























suc 
be installed. The rate of pedal revolutions may also be conveniently c.f — or 
trolled by a metronome. : mé 
by 

| ro 

ou 

is 

oN we 

7 be 

ol 

Pp 

aa 2 

5) WwW 

y W 

b 

b 

L, ; 

| 8 

4 f 

| z \ 

_— Sw t 

| aus ‘ 

c_| ) 

3 1 














Fieure I. Frictional bicycle ergometer. A—Spring Scale, B—fractional weight 
holder, C—weights, D—brake, E—speedometer, F—pulleys, G—frame, In, La, la, — 
supporting rods, M—Crossbar holding vertical rods together. 


Inset. Spring scale, H—Indicator, /—marker, /—bar, K—wheel for moving, ! 


The Spring Scale. (Figure 1 inset) The spring scale is an ordinary com- 
mercial scale graduated in one ounce divisions up to 10 Ibs., but capable d 
withstanding a much larger load. This sturdy scale is preferred to a lighter 
one, say a two-pound scale described by Lamb (6), because it increases 
the ergometer’s durability. Most of the weights used are heavier than five 
Ibs. Occasionally a 20-pound weight may be used. When a bicycle is stopped 











A FRICTIONAL BICYCLE ERGOMETER 213 






































suddenly, a heavy weight may completely ruin a light spring scale. In 
order to note possible changes in the position of the pointer, a special 
marker (J) is attached to the scale. The marker can be set at any position 
by turning the wheel (K) supported by a bar (/). 

The Fractional \Veight Holder. (Figure 1) The holder consists of three 
rods, L,, Le, and Ls held together by a horizontal bar. The purpose of the 
outer rods is to hold the one ounce fractional weights. To the middle rod 
is attached a rule divided into sections equal to the height of a single 
weight. Each section is numbered from one to 16 upward so that the num- 
ber of weights can be told at a glance. The hexagonal nuts, made to weigh 
one ounce each by drilling a hole in the side, have been found to be ex- 
pedient as fractional weights. The holder is suspended from the cord at- 
tached to the lower end of the brake belt. The middle rod has a loop from 
which the main weights are suspended. The spring scale is so adjusted that 
when the empty fractional weight holder is attached to it, the reading will 
be zero. 

Principle of Operation. Work load in this type of ergometer is provided 
by the resistance caused by the friction between the flywheel and the brake 
band. The amount of friction is controlled by the weights, (B) and (C), 
shown in the illustration. When the bicycle chain is removed from the 
flywheel, the reading on the spring scale is equal to the suspended weight. 
When the subject pedals the bicycle, the friction of the wheel against the 
brake band lifts and partially supports the suspended weight. The reading 
on the seale therefore is reduced by an amount equal to this friction. Thus 
the friction or work load is equal to the weight suspended minus the scale 
reading. 

Suppose it is desired to have five lbs. of work load. To obtain this, make 
(C) equal to four and one-half lbs. and place eight one-ounce weights on 
(B) so that the sum of (C) and (B) will equal five lbs. Let someone ride the 
bicycle and observe the reading on the scale. Suppose that the scale is 


eight ounces. This means that the friction is 5 lbs. — 8 ounces = 4 Ibs. 8 

(weight) (seale reading) (friction) 
ounces. Since it was desired to have friction equal to five lbs., it is neces- 
sary to place on the weight holder eight ounces more and the friction then 


will become: 5 Ibs. 8 ounces — 8 ounces = 5 lbs., The marker (J) should 
(weight) (seale reading) (friction) 

then be moved so that it will be over the pointer (H) and the experiment 
may be started. 

Suppose that during the experiment, the pointer (#7) on the spring scale 
moves three one-ounce divisions clockwise. Thus, the scale reading be- 
comes three ounces greater, which means that the friction for some reason 
has decreased by three ounces. To bring the friction back to the original 
value, three ounces must be added to the fractional weight holder and the 
marker (J) reset over the new position of the pointer (H). If the pointer 
moves counterclockwise and the scale reading becomes less than before, it 
means that the friction has increased by the corresponding number of 
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ounces. To bring back to the original, an equal weight must be remoyg) 
from the fractional weight holder and the marker reset. 





A simple rule may help in making adjustments: Jf the pointer moyy 
DOWN, put DOWN additional weight. If the pointer moves UP, lift Up 
weight from the fractional weight holder. By keeping the flywheel well polishe 
and the brake band clean, “spontaneous” fluctuations in scale reading 
may be entirely eliminated. In passing, it should be stated that unde 


usual laboratory conditions friction is not affected by the speed of th 


flywheel. ; 

Sweat Guard. During prolonged experiments riders may sweat profusely. 
Drops of sweat falling on the flywheel will play havoc with friction. Ty 
prevent this, it is strongly recommended that a sweat guard be placed above 
the flywheel. Transparent plastic material will be found convenient fo 
this purpose, because it does not hinder observing the brake band and the 

flywheel. 

~ Calculations of Work Done on the Bicycle Ergometer. The general formula 
for work is F  D, where F is force used and D, the distance covered. In 
the case of the bicycle, the force obviously is equal to the resistance to be 
overcome; therefore, F is equai to the weight suspended minus the scale 
reading. The distance D is equal to the distance traveled by the flywheel. 
This can be found if the circumference of the flywheel, 27r is multiplied 
by the number of its revolutions during a given period, n, or 2xr & n. Work 
done on the ergometer in a given time, therefore, is equal to F-2zr-n or 
(friction) X (wheel circumference) X (number of wheel revolutions during 
that time). . 

Sometimes exercise on the bicycle is designed so that the rider has to 
perform a specified number of pedal revolutions per minute. Suppose that 
the amount of work desired is 4,350 ft.-lbs. per minute, and the number of 
pedal revolutions is to be 60 per minute. To calculate the required friction, 
it is necessary to find out the number of feet traveled by the flywheel for 
each pedal revolution. Suppose that one pedal revolution corresponds to 
14.5 feet of distance covered by the flywheel. Then the distance covered in 
60 pedal revolutions per minute will be 14.5 ft. X 60 = 870 ft. Since the 
total amount of work desired per minute is 4,350 ft. Ibs., the friction must 
be 4,350 ft. Ibs + 870 = 5 lbs. 

Suggestions for Type and Number of Weights. It has been found expedient 
to have the following weights for each bicycle: one each of one-half, one, 
two, four, and ten Ibs. These weights may be cast of lead, and should have 
a hook on the top and an eyelet at the bottom. They should be plainly 
marked as to their weights. In addition, 32 one-ounce weights are required 
for the fine adjustments. 
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A Questionnaire Study Concerning the 
Development of Co-Education in 
College Physical Education 


Ropert T. Krercumar, Ep.D. 


Department of Physical Education, 
Ohio State University 





Wirutn the past two decades a host of factors have given 
impetus to the development of co-education in college physical education 
Studies made by Dalrymple,' Cobb,’ and Bookwalter* have pointed ou 
the significant progress which was made in this area during the 1930, 
The entry of this country into World War II served as a temporary check 
to these developments. The paucity of civilian male students upon colleg. 
campuses during the war years, along with the great emphasis placed upon 
physical development in college programs, combined to halt temporarily 
further developments in co-education. With the return of peace in 194%, 
it seemed quite natural to expect a resumption of these developments 
which had begun during the decade prec eding the war. 

The present study which was made in the spring of 1947 sought to de’ 
termine: 1) present practices in co-education in college physical education, 
2) opinions of persons prominent in college physical education concerning 
co-educational developments. 

The gathering of this data was made possible only through the coopera 
tion of the men and women college physical educators who participated in 
the questionnaire study. Appreciation is here expressed to these peopl 
and to Miss Helen Hazelton, Purdue University, and Dr. Harry Scott, 
Teachers College, Columbia University, for their assistance in se t 
the participants for the study and their advice in respect to the content 
of the questionnaire. 















Method 


The questionnaire method was employed to secure the data for this 
“study. A group of 118 men and women engaged in college physical edu 


1 Gerald R. Dalrymple, A Survey of Co-Educational Physical Education in Leading 
American Universities and Colleges. M.S. Thesis (Unpublished), Louisiana Statt 
University, 1937. 

2 Louise S. Cobb, ‘‘The Co-educational Physical Education Class at the College 
Level,’’ Research Quarterly, 10: 20-32, December, 1939. 

3 Karl W. Bookwalter, ‘“The Co- educational and Co- recreational Use of Physicil 
Education Activities,” Proceedings of College Physical Education Association, p 
62-68, December, 1940. 
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eation were selected to participate in the study. In the selection of these 
men and women consideration was given to their present positions, their 
professional experience, and the geographical location of the colleges and 
universities at which they were serving. Since the questionnaire sought 
not only opinions but also factual information regarding the present prac- 
fices in co-education in college physical education, a wide geographical 
representation was desired. Consideration was given to the geographical 
districts designated by the American Association for Health, Physical Edu- 
cation, and Recreation. 

The selection of the women to whom questionnaires were sent was made 
with the assistance of Miss Helen Hazelton of Purdue University, formerly 
president of the National Association for Physical Education for College 
Women. A group of sixty-three women was selected to participate in the 
study. The selection of the men to whom questionnaires were sent was 



































TABLE 1 
An analysis of questionnaire distribution and return 
MEN WOMEN COMPOSITE 
omeemcen | Per cont Bee 2: Per cent | Per cent 
Re- | Re- Re- 
Sent comm | at Sent Pn ot m. Sent “6 of 
Eastern. 14 13. | 92.85 | 13 12 | 91.54} 27 25 | 92.59 
Midwest 14 14/100. 17 16 94.12 31 30 | 96.77 
Central... . 8 7 87.50 | 10 8 8s. | 18 15 | 83.33 
Southern. ... s 7 | 87.50; 9 9 100. 17 16 | 94.12 
Northwest.... 6 4 | 66.67| 6 6 (100. 12 10 | 83.33 
Southwest... 5 ci: ee tie 7 87 .50 13 12 | 91.54 
Totals.....| 55 50 | 90.90| 63 | 58 | 92.06; 118 | 108 | 91.52 








made with the assistance of Dr. Harry A. Scott of Teachers College, Co- 
lumbia University, formerly president of the Coilege Physical Education 
Association. A group of fifty-five men was selected. The study was en- 
dorsed by both the College Physical Education Association and the Na- 
tional Association of Physical Education for College Women. 

Table 1 includes a compilation of the distribution and return of the 
questionnaires. The response was particularly gratifying. Of the 118 ques- 
tionnaires distributed, 108 were returned—a percentage of 91.6. A total of 
seventy-nine colleges and universities were represented by the 108 re- 
turns. The percentage of return from questionnaires distributed to male 
physical educators was 90.0. Two of the men to whom questionnaires were 
sent referred them for reply to members of the women’s physical education 
departments in their respective colleges. Apparently in these two insti- 
tutions co-education in physical education is administered largely by the 
women’s department. The percentage of return from questionnaires dis- 
tributed to women physical educators was 92.1. The comparably high 
percentage of return from both men and women engaged in college physical 
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eduation would indicate considerable mutual concern with co-educat; 
and should tend to dispel the belief that male physical educators are jp. 
different to developments in this area. 


Part I 
OPINIONS 


Providing for Co-Education. Table 2 indicates the opinions of the prom 
inent physical educators concerning the desirability of providing for e 
education in some phase of the college physical education program. A five 
point rating scale ranging from definitely desirable to definitely undesirable 
was employed. An overwhelming majority of the group indicated that jt 


is definitely desirable to provide for co-education in some phase of the 
program. Only slightly more than one per cent of the group were uncertain 


TABLE 2 


Opinions concerning the desirability of providing for co-education in some phase of the 
college physical education program 


























MEN WOMEN COMPOSITE 
RATING git BPP SSS AE 

No. Per cent No. Per cent No. Per cent 
Definitely desirable................. 40 83.3 50 | 83.3 | 90 | 833 
Probably desirable................ 5 10.4 10 | 16.7 15 13.9 
TSS SI a A 1 2.1 —;j;— 1 0.9 
amcrae undesirable............... 1 2.1 — — 1 0.9 
Definitely undesirable.............. 1 2.1 — 1 0.9 

i Re EN 48 | 60 | 108 








or considered it undesirable to make provisions for mixed participation in 
physical education. There was no significant difference between the opinions 
of the men and women participating in the study. 


Phase of Program in Which Provision Should Be Made for Co-Education 


Table 3 indicates the opinions of the participants in the study concerning 


the phases of the physical education program in which provision should be 
made for co-education. Approximately 77 per cent of the group believed 
it very desirable to provide for co-education in the organized voluntary” 


program (no credit given). Sixty of the group, or 55.6 per cent, of those 


responding indicated that it would be very desirable to include some pre — 
vision for co-education as an elective within the prescribed program (credit 


given). A surprisingly large percentage, 21.3, believe that some co-educi- 


tion in physical education should be provided in the program required 


all students. Only 4.7 per cent of the group considered it very undesirable 
to provide for co-education in this phase of the program. The findings make 
it clear that many of the group believe that provision should be made it 
several different phases of the physical education program for co-education. 


Forces Fostering Development. In an attempt to find out the relative im 
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portance of some of the forces which have stimulated and fostered the 
development of co-education in college physical education, the opinions of 
a number of men and women prominent in college physical education were 
sought. Table 4 contains the findings. The group was asked to rate each 
of the listed factors on a five-point scale ranging from very significant to 
very insignificant. 

According to the ratings of the group it would appear that the most 
significant factor in fostering the development of co-education in college 


TABLE 3 


Opinions concerning the desirability of co-education in the various phases of the college 
: physical education program 





VERY DE- | DESIRA- | ACCEPTA- | UNAC- NO 
SIRABLE | BLE BLE | CEPTABLE OPINION 
PHASE OF PROGRAM | 





| No. | Pet | no. | Pet | no. ba 








As a phase of the organized | 
voluntary recreational 
program sponsored by | 





the department of physi- 
eal education. (Instruc- 
tion given where desired; 

no credit given) | 83 '76.9| 16 /14.8) 5 | 4.7) 1 


tional program (facilities 

made available by the 

physical education de- 

partment but no organ- 

ized program sponsored. 

(No credit given) 77 |71.3) 12 |11.1; 7/| 6.5 3 
As an elective within 

the prescribed program. 

(Credit given). ...., 60 55.6 19 17.6) 18 |16.7, 2/ 1.9 1/| 0.9) 8} 7.5 
As an integral part of the 

prescribed program. (Re- 

quired of all. Credit | pis 

given)....... biti ..| 23 21.3) 17 |15.7) 23 |21.3) 22 20.4) 5 | 4.7) 18 |16.7 
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physical education is the increased emphasis which has been placed in edu- 
cation upon preparation for the worthy use of leisure time. Also con- 
sidered as very significant factors were student interest in co-education 
and the increased emphasis in college physical education programs upon 
recreational activities such as golf, tennis and bowling. Of the factors 
listed the group considered the increased social freedom of women as the 
least significant factor. It must be noted, however, that 28.7 per cent of 
the group considered this a very significant factor. Because of the com- 
paratively high percentage of very significant ratings given to each of the 
factors listed in Table 2, it must be coneluded that the group considered 
all of them as significant factors, some more than others—in fostering the 
development of co-education in college physical education. 
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Forces Hindering Development. Listed in Table 5 is a tabulation of th. 
opinions of the college physical educators concerning the relative signif, 




















Re 
cance of the factors and forces which have hindered the development ¢ 
co-education in college physical education. Again the group was asked tg 
rate each of the listed factors on a five-point scale ranging from very signif. 

TABLE 4 
Ratings of various factors in respect to their significance in fostering the developmen i 
of co-education in college physical education L 
| pRopasty | | very 
VERY SIG- | SIGNIFI- rs ss INSIGNIFI- } ss NO 
sioner muricant | cant. | SIGNINT | CANT | sa ; 
antes Fe eg remy feces 
P | 7 } | 
No. | Fine | No. sen No. | cat | No. | Eet.| No. | Bet | No | a 
The increased emphasis in Se bad. whoo ’ 
education upon prepara- 
tion for worthy use of | | 
leisure time.............. 68 |51.1) 28 |25.9| 8 | 7.4, 1] .9 1] .9 4/188 I 
The increased emphasis in. bed a 
college physical educa- | I 
tion programs upon recre- 
ational activities of a eS | 
dual or individual na- : 
ture, such as golf, tennis, ; 
ho i oak at, tx fib a 61 [56.5 32 29.6 13 12 |\— | —|—|—] 218 


ral interest of college 
men and women in as- 
sociating with one an- 
other in informal social : 
SS eee eee 60 |55.5| 30 |27.7, 11 |10.2} 4) 3.7, 1 9) 2) 19% 
The increased emphasis in ee 
college curricula upon 
functional education. 
(The teaching of these 
skills which are actually 
utilized in living)....... 56 (51.9, 27 | 
Increased emphasis in phys- 68g ai. 
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as well as physical devel- 
Sado eiapltiien fi 54 50 | 40 37 | 7) 6.5 5 | 
The evolving position of | 
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nomic and political ¥ 
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cant to very insignificant. Of the four‘een factors listed, the group com ~ 
sidered the limitations of facilities as the most significant factor impeding — 
the development of co-education in the college physical education program. — 
Given the second highest percentage of very significant ratings was the — 
factor of opposition or indifference of male physical educators to this type — 
of program. This is in confirmation of the knowledge that in the majority — 
of institutions sponsoring co-education in physical education, the impetus 
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TABLE 5 


© Signi Ratings of various factors in respect to their significance in hindering the development : 
Ment of of co- -education in college physical education f 








wi | very sic- | sicnuri- | PROBABLY | insiontrt- 
Y signif. NIFICANT CANT CANT 


OPINION 
CANT CANT 
FACTOR 





| No. | = No. ~~ No. = No. Per No. Per No. Per 
Limitations of physical ed- 
ucation facilities. (Sepa- | 
ration of men’s and 
mame: 8 facilities, etc.). 
ition or indifference of 
Per 7 physical educators 
by toward co-education....., 34 |81.5| 31 |28.7| 31 |28.7) 7 | 6.5) 3/ 1.9) 3. | 2.8 
ss Tradition. (Established | 
custom of separating | 
men and women for phys- 
4 ical education) ....| 84 |81.5) 28 (25.9) 26 |24.1) 12 |11.1; 7 | 6.5) 1 9 
37 Difference in athletic abil- 
: ities of men and women...| 29 |26.9| 38 |35.2) 21 |19.4) 13 |10.2) 4 / 2.7; 3/| 2.8 i 
Lack of preparation of | 4 
staff members for hand- | 
ling co-educational 

5 classes 27 |25 | 34 /31.5) 25 |23.1) 15 |13.9) 4] 3.7) 3/ 2.8 
2/i a Differences in strength and 
vn endurance of men and 





44 |40.7| 31 |28.7| 21 19.4, 8 | 7.4. 3) 2.8 1] .9 


athe 





women..... 25 |23.1) 40 (37.9) 23 |21.3) 15 |13.9) 5 | 4.6) — | — 
Administrative problems 
such as separation of 
r men’s and women’s de- 
2 19 partments of physical | 
fe education. ..| 23 |21.3) 29 |26.9) 29 |26.9) 18 |16.6) 4 | 3.7) 5 | 4.7 
Lack of interest of men stu- 
dents in such a program.. 6 | 5.6) 19 (17.6) 45 /41.7) 23 |21.3) 11 |10.2) 4 | 3.7 
Opposition or indifference 
4 of female physical educa- 
5146 tors toward co-education.. 
7a The effect of World Wars | 
I and II on Physical 
4 Education Programs. 
2 19 (Emphasis on physical 
7 development ) 
Sociological Considerations. 
Pec of our form 
society. (The mores 
of our culture frown upon 
men and women partici- 
pating jointly in sports 
activities) . ... 8 | 2.8) 14 12.9) 19 |17.6) 41 (37.9) 27 25 4 | 3.7 
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for this development has come from the faculty of the women’s physical 
education staff or the members of the Women’s Athletic Association. It 


must be pointed out, however, that the large percentage of return of this 
questionnaire form from both male and female physical educators would 
suggest that among prominent men and women physical educators there 


is a comparably high interest in developments in this area. ‘ 


Other factors which received a high percentage of very significant rat-— 


ings were tradition,.differences in athletic ability between men and women, 
and the lack of preparation of staff members for handling co-educational 
classes. The latter would suggest the need for placing increased emphasis 
in our professional preparation programs for physical education teachers 
upon the methods of handling co-educational classes. Those factors which 
the group felt were of comparatively little significance in hindering develop- 
ment in this area were moral implications or fear of indiscreet relationships 
developing between men and women, lack of interest of women students, 
and the opposition of college presidents. It is interesting that the lack of 
interest of men students in this type program was rated as a very signifi- 
cant factor by a higher percentage of the group than was the lack of in- 
terest of women students. In both instances, however, the percentage of 
very significant ratings was small, so small, in fact, as to suggest that the 
lack of student interest can not be considered a significant factor impeding 
the development of co-education in physical education. 

Probable Future Developments. The present study, as well as previous 
studies made by Bales‘ and Bookwalter,° indicates that physical educators 
are of the opinion that co-education is not a fad or temporary develop- 
ment in physical education. An overwhelming majority of the participants 
in the study (88.9%) believe co-education will in the future increase in 
significance in physical education programs. Developments and trends in 
social and educational areas as previously suggested indicate that there is 
at present a preponderance of forces favorable to the further development 
of co-education in physical education. 

The Scope of Activities. The scope of activities suitable for co-education is 
surprisingly large. Bookwalter® suggests that there are more than ninety- 
five different physical recreational activities suitable for boys and girls to 
participate in jointly. In making such a statement, he undoubtedly in- 
cludes many social recreational activities such as checkers, chess, and 
shuffleboard, which are not normally included in the prescribed program 
of physical education. 

The participants of the questionnaire study were asked to indicate the 
suitability of nineteen different sport activities for co-education. Each 


_ Mary Bush Bales. Utilizing College Co-recreation as a Factor in Social Interaction. 
M.S. Thesis (Unpublished), Louisiana State University, 1941. 

§ Karl W. Bookwalter. ‘“‘The Co-educational and Co-recreational Use of Physical 
Edueation Activities.” Proceedings of College Physical Education Association, pp. 
62-68, December, 1940. 

6 Bookwalter. Op. cit., p. 62-68. 
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sport was rated in respect to a five-point scale ranging from very suitable 
to very unsuitable. ‘The activities which received the highest percentage 
of very suitable ratings were social dancing, folk dancing, archery, horse- 
back riding, hiking and ice skating. The activities which received the highest 
percentage of unsuitable and very unsuitable ratings were handball, soft- 
ball, and fencing. (See Table 6.) 

There was disagreement regarding the suitability of softball for co-edu- 
cational situations. Several inserted comments on the questionnaire to the 
effect that softball would be suitable in certain informal situations such as 
a picnic or an outing, but not in highly organized and competitive situa- 























TABLE 6 
Ratings of activities in respect to suitability for co-education 
surance | Porn | termes | mee | Tomcrs | mo sara 
ACTIVITY Ee SS | | - 

r, | Per | | Per | 

Ne, cet NO | cet | NO | cent No. Bs; | me N onal 
- ‘m hapa beast ces ‘acne: emt eat Meee be ae oe 
Social Dancing 105 97.2) 2} 1.9) -}—|—|—| 1/09 —|— 
Folk Dancing 98 (90.7, 7 | 6.55 110.9 1)0.9) 1 | 0.9) 0|;— 
Archery . . 92 /85.1) 12 11.1) 3 | 2.8 —| —| —|—] 110.9 
Horseback Riding 88 |81.5) 14 13. | 2) 1.9) 1/0.9) 1/09 2/1.9 
Hiking. ... 86 79.6 17 15.7, 1) 0.9) 1 | 0.9) 0 | a 3 | 2.8 
Ice Skating 86 |79.6| 16 |14.8 1/ 0.9) 2.1.9 1/0.9) 2/ 1.9 
Roller Skating 79 (73.1) 19 17.6) 2) 1.9) 2| 1.9) 1|0.9 5| 4.7 
Golf. 78 |72.2) 26 24.1) 3 | 2.8 0; —|—/}—)} 1/09 
Bowling . 76 70. | 25 23.1) 4) 3.7 2/1.9—-|—)| 1/0.9 
Swimming 72 |66.7| 24 (22:2 4/ 3.7, 3| 2.8 2/1.9 3/ 2.8 
Badminton 71 65.7) 27 (25 | 6 | 5.6) 2) 1.9) —|—| 2/29 
Skiing. . . 67 /62. | 28 25.9 6 | 5.6) 2/ 1.9 1/)0.9 4) 3.7 
Table Tennis 65 |59.3| 37 34.3) 2) 1.9) 1 | 0.9) —{—1| @4287 
Tennis...... 50 46.3) 44 40.7} 7| 6.5) 4/3.77—|—| 3/28 
Fly Casting. 50 46.3, 30 |27.8) 19 (17.6) 1/0.9 1/|0.9| 7) 65 
Volley Ball 16 14.8, 39 (36.1, 36 38.3 13 12.9, 1/ 0.9} 3| 2.8 
Fencing . 13 12 | 22 |20.4) 32 (20.6) 28 (25.9 9 | 8.3) 4/ 3.7 
Softball . 3 2.8) 20 |18.5) 27 [25 | 44 [40.7 13 12. | 1| 0.9 
Handball 10.9 1 | 0.9 10 | 9.2) 50 46.3) 34 (31.5 12 11.1 

















tions. A similar opinion was expressed in an article by Wohlford.’ There 
seemed to be general agreement concerning the unsuitability of handball 
as a co-educational activity. Approximately 78 per cent of the participants 
rated this activity very unsuitable or unsuitable. With the exception of 
handball, softball, fencing, and volleyball, all activities included in Table 
6 received a high percentage of suitable and very suitable ratings. 

It may appear surprising to some that the activities fencing and modern 
dance are included in this list. Only 32 per cent of the physical educators 
participating in the study rated fencing a suitable co-education activity. 
Co-educational modern dance was not considered sufficiently popular to 
merit inclusion in the original list of activities which the physical educators 


?Mildred Wohlford. ‘‘Co-recreational Softball.’? Journal of Health and Physical 
Education, 15: 337, 1944. 
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evaluated. Perhaps both of these activities have been under-rated in regp 
to their suitability for co-education. Physical educators who have had ¢ 
perience with co-educational groups in either fencing or modern dance gy» 
enthusiastic concerning the suitability of these activities. 

In addition to the list of activities included in the questionnaire 4 
following were suggested by the participants as suitable for co-educatigy 
sailing, canoeing, riflery, tumbling, camping, field hockey, horseshog’ 
modern dance, croquet, cycling, and camping. J 

Selection of Instructors. It is generally agreed among college physical edy. 
cators that either a man or woman instructor can satisfactorily handle; 
co-educational class provided he has the proper professional and person) 
qualifications.’ Those who oppose either a male or female instructor alow 
handling such a class give reasons such as the following: (a) students 
opposite sex do not respect the instructor; (b) unwholesome physical eo. 
tacts are necessary ; (c) the mental attitude of the class may hinder learning 
(d) the instructor’s knowledge of the opposite sex may be limited, and (¢) 
the instructor may lack preparation to handle such a group. Apparently 
many believe that a properly qualified instructor of either sex can rig 
above these objections. This was the opinion of 76.4 per cent of the partic 
pants in the questionnaire study. 


Part II 
PRESENT PRACTICES 


Present Provision for Co-Education in the Program. In contrast to the 
opinions of the participants concerning provision for co-education it 
physical education, it is interesting to note some of the present practices 
in this area. The study revealed that at 93.7 per cent of the colleges repre: 
sented, provision is currently made in some phase of the physical education 
program for co-education. In 73.4 per cent of the schools, provision for ¢0- 
education is made in the voluntary recreation program; however, at 468 
per cent of the schools co-education is available as an elective within the 
required physical education program. In the original questionnaire an at 
tempt was made to determine also whether any colleges required all stu- 


dents in the prescribed physical education program to participate in some — 
co-educational activity. In responding to this question many apparently — 


made no distinction between the required program for the general college 
student and the prescribed program for the professional student in physical 
education. Because of this, these findings will not be included. In her study 
in 1939 Cobb® found that no college which was surveyed required students 
in the prescribed program to participate in some co-educational activity. 
It is uncertain whether the situation in 1949 is the same. It is known, how 
ever, as indicated in Table 3, that a total of 23 college physical educator 


8 Mable Lee. The Conduct of Physical Education. New York: A. 8. Barnes & Com 
pany, 1937. 

® Louise 8. Cobb. “The Co-educational Physical Education Class at the College 
Level,”’ Research Quarterly, 10: 30-32, December, 1939. 
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believe it very desirable to require some co-educational physical education 
of the students in the prescribed program. 

Unique Developments. The questionnaire study revealed that in fifty of 
the seventy-nine colleges represented in the study co-educational clubs 
have been organized in various sport activities. At one university co-edu- 
eational sports clubs in 12 different sports activities have been formed. 
Several colleges have as many as 9 co-educational sports clubs. The most 
popular activities for club organization are skiing, square dancing, bad- 
minton, swimming, hiking, modern dancing and fencing. The popularity of 
hiking and badminton clubs is rather commonly known. Daniels” in 1940 
reported the existence of upwards of 75 collegiate hiking clubs. The current 
study revealed that hiking and badminton clubs exist in 25 per cent of the 
colleges surveyed. Sixty-five of the colleges indicated that they are providing 
for special co-educational sports events such as “Sports Nites,” “Play 
Days,” “Folk Dance Frolies,” and ‘Mixed Swims.” 

Although not shown in the questionnaire study, it was revealed in a 
series of interviews that co-education is now finding expression in the vol- 
untary recreation programs of many colleges whose student body is re- 
stricted to one sex. For example, West Point now encourages co-recrea- 
tional sports activities on weekends. Such equipment as golf clubs, tennis 
racquets, and skiis are made available on weekends for the use of the 
cadets and their guests. Horseback riding and swimming are also popular. 
At Connecticut Wesleyan the Student Christian Association has made 
provision to have girls from such schools as Wellesley, Smith, Vassar, and 
Connecticut College visit the campus on weekends. On several of these 
occasions the department of physical education has organized co-educa- 
tional swimming and hiking parties. Smith College students enjoy hiking 
and skiiing parties with students from Amherst. Women of Mount Holyoke 
College have participated with Amherst men in golf and riflery. Members 
of the outing club of Skidmore College have arranged various outing events 
with students from Union, Dartmouth, and Rensselaer. Although the de- 
partments of physical education in these schools are encouraging these 
activities, the students are initiating, planning and organizing the pro- 
grams. 

The Segregation of Gymnasium, Swimming Pool and Tennis Court Fa- 
cilities for Men and Women. As evidenced by the study made in 1937 by 
Dalrymple" and the questionnaire study reported herein, the majority of 
colleges and universities in this country provide separate gymnasia for 
men and women. Dalrymple in his survey found that thirty-four of fifty- 
two, or 65.4 per cent of the schools studied, provided segregated gymnasium 
facilities. In the present study, it was found that fifty-two of seventy-nine 


” Arthur 8S. Daniels. ‘College and University Outing Clubs,’ Journal of Health 
and Physical Education, 9: 278-81, May, 1938. 

"Gerald Richard Dalrymple. A Survey of Co-Educational Physical Education in 

ing American Universities and Colleges. M.S. Thesis (Unpublished) Louisiana 


‘State University, 1937. 
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or 64.6 per cent of the schools surveyed, provided separate gymnasiym 
facilities. It was revealed also that swimming pools and tennis courts ary 
more commonly shared by college men and women than are gymnasiym 
facilities. At forty of the schools (50.6 per cent) the swimming pool is used 
by both men and women; and at sixty-four (81 per cent) the tennis courts 
are shared. 

In the questionnaire study those physical educators whose schools main. 
tained separate gymnasia were asked whether provision was made in the 
men’s or women’s gymnasium for dressing and shower facilities for the 
opposite sex. Of fifty-one schools maintaining separate facilities, twenty- 
eight or 54.9 per cent answered in the affirmative. Many of this group in- 
serted comments to the effect that the provisions made in this respect were 
at best makeshift and inadequate. 


SUMMARY OF FINDINGS 


1. The most significant factors fostering the development of co-education 


in physical education are: 1) the increased emphasis in education upon — 
preparation for worthy use of leisure time, 2) the increased emphasis in 


physical education programs upon recreational activities, 3) the natural 
interest of college men and women in associating with one another in 
social activities, and 4) the increased emphasis in physical education upon 
social development. 

2. The most significant factors hindering development in this area are: 
1) the limitations of present facilities, 2) the indifference of male physical 
educators, 3) the tradition of separating men and women for physical 
education, 4) the difference in athletic ability of men and women, 5) the 
lack of preparation of staff members to handle co-education classes, and 
6) the differences in strength and endurance of men and women. 

3. It is definitely desirable to provide for co-education in some phase 
of the college physical education program. 

4. Co-education is desirable in both the voluntary and prescribed phases 
of the program. It was the opinion of the questionnaire participants that 
the voluntary, non-credit phase of the program is the most desirable place 
for co-educational activities. 

5. Either a male or female instructor may handle a co-educational class, 
providing he is professionally qualified, socially well adjusted, and in 

pathy with this type of program. Obviously, a person who is openly 
skeptical of the merits of co-education would be unsuitable as an instructor 
for such a class. 

6. There is a wide range of sport activities which are suitable for ¢o- 
educational participation. Geographical location and facility limitations 
ae to preclude many of these activities from the program at a particular 
school. 

7. Co-education in college physical education is not a fad nor has it 
reached its maximum development, but it will continue to increase m 
significance in our pro . 

8. At seventy-four (94%) of the seventy-nine colleges studied, provision 
is currently made in some phase of the program for co-education. 
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9, At fifty-eight (73%) of these schools, opportunity for co-education is 

rovided in the organized voluntary program, no credit given. 

10. At thirty-seven (47%) of these schools students may elect co-educa- 
tional classes within the prescribed program, credit given. 

11. In fifty (63%) of the seventy-nine colleges studied, co-educational 
clubs have been organized in various sports. At one particular school co- 
educational sports clubs in twelve different sports have been formed. 

12. At sixty-five (83%) of these schools provision is made for special 
co-educational events, such as Sport Nites, Folk Dance Frolics, Mixed 
Swims, Roller Skating Parties, and Play Days. 

13. Co-education is finding expression in the weekend recreation programs 
of colleges whose student body is restricted to One sex. 

14. At fifty-one (65%) of the colleges studied, separate gymnasia exist 
for men and women students. At 54 per cent of these schools provision is 
made in either the women’s or men’s gymnasium for dressing and shower 
facilities for the opposite sex. 


Implications of the Study. The college physical education program can be 
enriched by providing opportunity in the prescribed and voluntary pro- 
grams for co-education; there are manifold opportunities in both of these 
programs to develop co-education. 

It would appear that if the development of co-education is to be fostered, 
curricula for the preparation of teachers of physical education must in- 
corporate materials concerning the organization and operation of this 
type program. No new or distinct courses need be added to the present 
professional curricula to accomplish this. Existing courses in sport ac- 
tivities, principles, methods, and administration can satisfactorily encom- 
pass materials necessary to prepare the students for this aspect of the pro- 
gram. 

It would also appear desirable for administrators of college programs to 
consider possibilities for the development of co-education when planning 
the construction or improvement of gymnasium and other physical edu- 
cation facilities. It has been pointed out in this study that the limitation 
of facilities is the most significant factor impeding the development of a 
co-educational program. Quite often educational philosophy and educa- 
tional facilities have failed to develop together. Present college physical 
education programs are handicapped by the gap between accepted philoso- 
phy and existing facilities. 

If, as suggested by this study, co-education in college physical educa- 
tion is desirable, administrators, along with their staffs, should proceed 
to foster, shape and direct this development by preparing personnel, pro- 
viding facilities and leadership, and designing the program to include op- 
portunities for wholesome, satisfying experiences in co-education. 
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A Study of the Physical Therapy Activities 
and Equipment in Veterans’ Adminis- 
tration Hospitals 


GILBERT R. Suvuck, M. P. E. 


Tue NEED for physical therapy treatment and activities 
has been greatly intensified since the end of the second World War by the 
return of disabled veterans to the universities and civilian life. 

Because the need for such treatment is so great, much study has been 
done in this field. New activities and improved methods of treatment have 
been discovered, and as a result, the whole physical therapy program has 
been more effective. 


This study is limited to seventeen of the more common ailments listed — 
in the current files of Veterans’ Administration Hospitals. The information — 


has been carefully selected and compiled. The writer has made a thorough 
search for facts on the types of physical therapy equipment used for treat- 
ing these various disabilities and also the activities assigned for each type 
of disability. It is hoped this study will assist the physical therapist who 
is administering treatments in the universities by helping him select the 
best activity or equipment for a specific ailment, so that, in turn, the stu- 
dent will be rehabilitated in less time and with less disabilities. 

It is practically impossible to acknowledge the help of the many individ- 
uals in Veterans’ Administration Hospitals who contributed to the com- 
pilation of these questionnaires and informational materials. Although the 
following acknowledgements, will, of necessity, be incomplete, apprecia- 
tion is extended to the personnel of the following Veterans’ Administration 
Hospitals: Muskogee, Oklahoma; Salt Lake City, Utah; Battle Creek, 
Michigan; Dallas, Texas; Indianapolis, Indiana; Columbia, South Caro- 
lina; Dwight, Illinois; Hines, Illinois; Jefferson Barracks, Missouri; Wichita, 
Kansas; Saratoga Springs, New York; and Lincoln, Nebraska. 

Gratitude is expressed to Dr. 8. J. Miller, M.D., and Mr. Wellman L. 
France of Purdue University, who encouraged and suggested the project. 


Definition of Terms Used 


Arthritis—a condition manifested ordinarily by inflammation of a jot. 
Dermatitis—an inflammation of the derma, true skin. 
Diathermy—machine used in physical therapy treatment which has a high 
frequency current. It may be used as a stimulative agent or as a seda- 
tive agent. Diathermy generates a continuous and steady heat within 
the affected parts, causing an increased blood supply to the deeper 
tissues. 
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Faradic Current—one of the oldest electrical currents. Its action is me- 
chanical in effect. This current almost secures a normal motor nerve 
impulse, so it is used to re-educate nerve and muscle connection and 
for aiding circulation and nutrition which are poor. 

Functional Foot Defect—a potential weak foot or disorder, which has not 
become fixed, for example, flexible flat foot. 

Galvanic Current—a machine that causes a chemical action in the nerve 
endings, aids in relieving pain, stopping hemorrhage, and soothes 
inflammatory conditions. 

Heart Disease (functional)—a functional disorder is a secondary condition 
derived from disturbances in the body mechanism, for example, 
murmurs. 

Heart Disease (structural)—an organic heart disturbance characterized 
by a permanent malformation in some cardiac structure, for example, 
valves. 

Heat Cradle—meta! bridge-like equipment that can be placed on a bed 
for heating parts of the body. There are several light bulbs contained 
within the cradle. 

Hemiplegia—a spastic paralysis (condition of hypertension in one set 
of muscles, which interferes with the normal action of the opposing 
or antagonistic muscles) involving one side of the body, for example, 
the right arm and right leg. 

Infra-red—a lamp having a short wave that penetrates to the deeper 
tissues. 

Massage—the scientific manipulation or handling of the soft tissues of 
the body for therapeutic purposes. 

Muscular Dystrophy—vrefers to an atrophication of a muscle or muscles due 
to paralysis of the part involved. 

Neuritis—an inflammation of a nerve. 

Osteomyelitis—an inflammation of the bone. 

Physical Therapy—includes the employment of the physical and other, 
effective properties of ultra-violet and infra-red radiant energy, heat, 
cold, water, electricity, therapeutic exercise and massage in the treat- 
ment of disease and injury and for diagnostic tests. 

Poliomyelitis—Infantile paralysis 

Sciatic Rheumatism—a shifting inflammation or neuralgia, affecting the 
muscles, joints, or other structures in the sciatic region (pelvic and 
leg). 

Seoliosis—a condition in which any series of vertebral spinous processes 
show a constant deviation from the median line of the body. The 
deviation may be right or left and functional or structural (curve of 
the spine). 

Sinus—an opening in a bone generally adjacent to the respiratory tract 
and the seat of sinusitis. 

Sitz bath—type of bath generally given for ailments of the pelvic region, 
for a person sits down in this properly shaped bath tub. It is con- 
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structed to fit the buttock. The water in the tub is warm enough 
to promote proper stimulation and relief. 

Spinal Fusion—a condition as a result of fusing of the backbones (verte. 
brae). 

Ulira-violet—a machine that produces rays for nourishing and stimulating 
tissues and relieving of pain. In stronger doses their rays act as bae- 
tericides. 

Vapor bath—steam bath. 

Whirlpool—a tank containing an agitator (propeller) and luke warm 
water. The object of this equipment is to stimulate circulation and 
to revitalize the part affected. 


The Study 


The purpose of the following study is to determine the frequencies and 
effectiveness of activities and physical therapy equipment assigned to 
seventeen ailments by Veterans’ Administration Hospitals as a basis for 
suggesting a possible physical therapy program at the universities. An 
attempt has been made to find the best kind of treatments and activities 
assigned to the following ailments: One Arm Missing; One Leg Missing; 
Poliomyelitis; Muscular Dystrophy; Hemiplegia; Heart Diseases (fune- 
tional); Heart Diseases (structural); Foot Defects (functional); Neuritis; 
Sciatic Rheumatism; Arthritis; Scoliosis; Dermatitis; Spinal Fusion; Os- 
teomyelitis; Sinus (colds, bronchitis, etc.); Kyphosis; and to rank in order, 
activities, physical therapy equipment, and the total number of cases 
of improvement. 

To change and improve a physical therapy program, a knowledge 
of the facts of proper and up-to-date treatments and activities assigned 
to a particular disease or injury is necessary. The problems to be discussed 
under this heading will be limited to 1) the number of cases, 2) activities 
or sports assigned in order of frequency, 3) physical therapy assigned in 
.order of frequency, 4) the number of cases having no, slight, good, or 
very good improvement, due to the prevailing treatments, 5) frequency 
of cases (pertaining to location), 6) frequency and order of importance 
of physical therapy equipment, and 7) total cases and frequency of the 
total number of cases of improvement. 

The tables used in this research are summaries of the information ob- 
tained from the various hospitals on types of activities assigned and equip- 
ment used in the treatment of these disabilities. In each case an attempt 
has been made to show in Column | of the Table, the activities or sports 
used in the treatment of the disability for which the table is marked. The 
activities are ranked in the order of their importance. Since there is & 
difference in opinion as to the best type of therapy to be used in each case, 
the report of the findings from each hospital is listed. This is shown im 
Column 2 of the Table. Each number represents a hospital report. The 
number one indicates the most effective method used. The number two 
indicates the second most effective method used, ete. In Column 3 the 
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degree of improvement shown in the cases studied after the recommended 
therapy has been administered, is listed 

One Arm Missing—Massage, whirlpool, in conjunction with exercise 
for strengthening the stump, are the most effective treatments used. The 
facts are that of the total of 7 cases reported, there are 3 of good improve- 
ment and 3 of very good improvement. It is possible that the findings 
would be slightly different if there were more cases available for study. 

One Leg Missing—Observing the studies below, it is found that “leg” 
and “arm” amputees are similar in treatments. Massage, whirlpool, and 
possibly rhythmic constrictor are most frequently used for the best results. 
































TABLE 1 
One Arm Missing 
ACTIVITY OR SPORT ASSIGNED IN PHYSICAL THERAPY USED IN ORDER OF EFFECTIVE- NUMBER OF CASES OF 
ORDER OF EFFECTIVENESS NESS 1, 2, 3, IMPROVEMENT 
1. Exercise for strength-| Diathermy......................... 1 NO. 502i ebe 7s - 0 
ening the stump infva-ted .) |. 20555. Aineeeeee: > © 2) Slight ......... 1 
2. Occupational therapy; Massage.................... 3; 1, 1,3 QGemee® a5 3 
Weeneel «és xambessa- sa: 2, 1; Very good..... 3 
Uigra-violes:. csc siek as asis os 3 
Exerciae...... 0... cas ta Bates ct. 2 Total Cases... 7 
TABLE 2 
One Leg Missing 
ACTIVITY OR SPORT ASSIGNED IN PHYSICAL THERAPY USED IN ORDER OF EFFECTIVE- NUMBER OF CASES OF 
ORDER OF EFFECTIVENESS NESS 1, 2, 3, 4 IMPROVEMENT 
1. Pre-prosthetic train- | Diathermy...................... 3,8] No........... 2 
ing Infra-red... . 2: : eee i. ee 2,2) Slight........ 2 
2. Prosthetic training Massage... .. 2 2. ae 11,1, 1, 1, A eee ll 
3. Hop Scotch Whitipeol........«i. kids 2, 1, 2, 1| Very good... 
4. Golf Ultea-violets ..,...-.05.000eeeteeks . .. 6. 4 
Rhythmie Constrictor........... 1, 2} Total Cases. . 22 








Pre-prosthetic and prosthetic training are the activities most frequently 
assigned. The results of the number of cases of improvement out of 22 are 
11 good and 7 very good. 

Poliomyelitis—\nfra-red lamp therapy is used most frequently. However, 
massage and whirlpool are effectively used. Underwater exercise and 
re-education are subsequent assignments. 

Muscular Dystrophy—lt is difficult to determine which treatment is most 
effective in the case of muscular dystrophy. Massage, whirlpool, and 
activity exercises are used most frequently. Occupational therapy is the 
most frequent activity assigned. Any improvement would be slow and con- 
sidered great encouragement. Out of five cases studied, three cases showed 
slight improvement; one case showed good improvement; and one case 
showed very good improvement. Because of the relative small number of 
cases studied, the results might not always be as reported. 
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Hemiplegia—Reports on hemiplegia indicate that infra-red and actiye 


and passive underwater exercises are the most frequently used. Bicy¢le 


(stationary) and exercise on stall bars are the activities assigned the most, 
respectively. The studies further indicate that treatments are p i 


by having 50 per cent of the cases with ‘‘good or very good” improye. 


ment. 
Heart Diseases (Functional)—Physical therapy equipment is not used 


generally for “Heart Diseases.” Activities or sports are utilized according — 
to the severeness of the heart ailment. Graded cardiac exercises are as. _ 
































TABLE 3 
Poliomyelitis 
ACTIVITY OR SPORT ASSIGNED IN PHYSICAL THERAPY USED IN ORDER OF EFFECTIVE- NUMBER OF CASES OF 
ORDER OF EFFECTIVENESS NESS 1, 2, 3, IMPROVEMENT 
1. Muscle retraining EE Re ks. 5s 5 «x 2ch0> see et BO ere 
2. Occupational therapy) Infra-red.... ne 1, 1, 1, 1, 1| Slight........ 4 
3. Walking in a walker Massage.... fo, . 2.08 F, 1) Good. Vee 9 
4. Swimming | Whirlpool....... ...2, 1, 1) Very good ll 
Era pict 2, 3 
DE tora... aa ee eo 1 
Se so eam ak 3 
| Hot packs......... ja Sane eaede 1 
| Underwater exercises nie Cle 1 Total Cases. . 25 
TABLE 4 
Hemiplegia 
ACTIVITY OR SPORT ASSIGNED IN | PHYSICAL THERAPY USED IN ORDER OF EFFECTIVE- | NUMBER OF CASES OF 
ORDER OF EFFECTIVENESS NESS 1, 2, 3, 4 IMPROVEMENT 
1. Exercise on stall bars | Diathermy........ seit Age 1} No.......a 12 
2. Bicycle (stationary) | Infra-red... _.. ; 1, 1, 1,.4,.)) Blight .cane 33 
3. Occupational therapy) a .. dy 2, 2] Good. nie 30 
4. Correct walking _Massage...... 1, 1, 1, 1, 2) Very good 35 
5. Pulley therapy , Si ere .2, 2, 3, 3) 
._ | a: bee: a eT! 
_ Active and Passive (underwater) ex- | 
=~ eee 2:4, ae es 
| Re-education.................... 1, 2) Total Cases. . 110 








signed to a person to the extent of his or her disability. Shuffleboard, golf, 
archery, fishing, and camping are among the sports assigned. 


Functional heart disturbance does not indicate illness, but the person’s — 
“reserve strength” may not be sufficient to meet the demands of vigorous — 
activity and sudden strain. Being a muscle, the heart needs exercise, as do — 
other muscles of the body. By preventing over-fatigue, through the avoid- — 


ing of excessive activity, mal-functional heart cases usually disappear. 


Out of forty cases, five showed no improvement and thirty-five showed — 


only slight improvement. 
Heart Diseases (Structural)—In an organic heart disturbance there 
a permanent malformation in some part of the cardiac structure. When 
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the statement is made that organic conditions are permanent, it is meant 
that malformations of the structure of the valves or muscle cannot be 
cured, but the infection or toxin which has caused the condition may be 
eradicated. The scars in the valves or muscles prevent these tissues from 
becoming normal again.' 

There are no structural heart disturbances as depicted by the surveys. 
However, some activities are cited. The general theme of thought is 
that of moderation of activities. This does not mean that an individual 
should lead a life of physical inactivity. The physician should estimate an 
individual’s work capacity. Such sports as archery, camping, fishing, rope 
spinning, boating, shuffleboard, and croquet may be used for this type of 
ailment. The range of movement may be shortened in certain activities; 
continuity of action must be reduced to keep within the student’s exercise 
tolerance; adequate rest period should be frequent; the student’s natural 
skill must be taken into consideration.? 

Foot Defects (Functional Foot—abducted foot, weak foot, flexible flat 
foot)—There seems to be more emphasis on activities rather than physical 
therapy for remedial treatment—that is logical since there has been a po- 
tential weakness in the plantar aspect of the foot. Heel cord stretching, 
picking up rocks, and sand walking are assigned, respectively in order of 
efiectiveness. There is a choice of whirlpool and massage as far as physical 
therapy assignments. Due to the location and type of ailment, not too 
great an improvement is shown with the prevailing treatments. There are 
45.1 per cent cases of slight improvement. Only four of the thirty-one 
cases studied showed very good improvement. Seven cases showed good 
improvement; fourteen cases showed slight improvement; and six cases 
showed no improvement. 

Neuritis—There are a multitude of assignments for neuritis. Diathermy 
and infra-red lamp therapy are used most frequently. Activities that have 
been used are 1) rehabilitation exercises and 2) range of motion exercises. 
There is strong evidence that the present treatments are beneficial to the 
assignees by having 79.9 per cent cases show “good and very good’ improve- 
ment. 

Sciatic Rheumatism—lIt is understandable that diathermy and infra-red 
lamp therapy would be utilized the most, since they are deep penetrating, 
shortwave heating units. Sciatic rheumatism needs that type of treatment, 
since the sciatic nerve is well protected by external muscles and tissues. 
Exercises, depending on the degree of severeness, are prescribed as the 
best activities. Evidences show that there is 81.1 per cent of “good and 
very good”’ improvement, which is indicative of substantial assignments 
to the patients involved. Seventy-four of the 163 cases studied showed good 
improvement ; 43 showed very good improvement. Only 17 did not respond 
to treatment. 


‘George T. Stafford. Sports for the Handicapped. New York: Prentice-Hall Inc., 


1947, p. 159. 
*Thid., p. 159. 
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Arthritis—There seem to be pronounced utilization of a variety of treat. 
ments, yet some assignments are outstanding. Infra-red seems to be the 
most utilized machine. Diathermy, massage, and whirlpool are mentioned 
in order of frequency, respectively. Activities of 1) exercise, depending on 
the severeness of the case; 2) exercise on the stall bars, and 3) shoulder 
wheel are reported being assigned in order of their frequency. There is no 






































TABLE 5 
Neuritis 
ACTIVITY OR SPORT ASSIGNED IN PHYSICAL THERAPY USED IN ORDER OF NUMBER OF CASES OF 
ORDER OF EFFECTIVENESS EFFECTIVENESS 1, 2, 3, 4,5 IMPROVEMENT 
1. Rehabilitation exer- | Diathermy....... x csosk a ky bs UL Os eee 
cises Infra-red........... ...1, 3, 55 1, 9D Slight. 3a 38 
2. Range of motion exer-| Massage... .. . sega gta wedlen cess 3; 1, 3, 3}. Good. ... 3 A8 103 
cises SE i on hg rain 2, 1,2 Very good... 4 
3. Shoulder wheel I ss a as «om adore Vea 2, 1 
F570: 2. She 4 
CS SE 5,1 
Es oo a. i oa < issiy «4s 3 4, 2) Total Cases.. 186 
TABLE 6 
Arthritis 
ACTIVITY OR SPORT ASSIGNED IN PHYSICAL THERAPY USED IN ORDER OF NUMBER OF CASES OF 
ORDER OF EFFECTIVENESS EFFECTIVENESS 1, 2, 3, 4, 5, 6, 7,8 IMPROVEMENT 
1. Exercises, depending | apeeemerMy................. kph 2, DB No... 88 
on degree of severe- ? sees hs ee eed 1,2,1) Slight. ...... 89 
ness 0 2,1, 1, 1| Good......:5 349 
2. Exercise, stall bars se: cet acho ah» pele 1, 1, 1, 2) Very good... 118 
3. Shoulder wheel SSS ae > 2 ee 
4. Rowing machine ied. oS. SE bled 3, 3,4, 8 
ci ns is i123 2| 
SRR Re ee 
Ultra-violet . . ; 1, 4, 7] 
NO” SE 2, 3) 
Exercises (Passive) 1, 2, 2, 5) 
MS, cs ec awe ewe 3, 8\Total Cases... 639 








doubt as to the effectiveness of the prevailing treatments—having 72.3 
per cent of cases with “good and very good’”’ improvement. 

Scoliosis (Functional and Structural)—Most of the treatments given 
are pertaining to exercises—asymmetrical and postural. Lateral curvature 
is a progressive process of affection, halted by the resistance offered by the 


tissues, bones, ligaments, and muscles. If the affection is allowed, it becomes 


a fixed structural or organic form of curvature. The latter type of affection 


is very difficult to cure. Having a 62.5 per cent of “no’’ improvement — 
indicates the difficulty of favorable prognosis. Ten of the sixteen cases 
studied showed no improvement and the other six cases showed only slight — 


improvement. Again, if more cases were studied, findings might vary from 
the above report. 
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Dermatitis—Physical therapy seems to be the only prevailing assignment 
for treating skin disorders. Ultra-violet is definitely the most effective 
treatment. Forty-siy of the 102 cases showed very good improvement and 
thirty-four others showed good improvement, Only five did not respond to 
treatment. 

Spinal Fusion—Forced flexion exercises seem to be the only type of ac- 
tivity assigned. Massage and infra-red are the two assignments most fre- 
quently made. By utilizing these types of treatments, 50 per cent of the 
eases showed good and very good improvement. That percentage is excel- 
jent considering that a fixation may have resulted in some of the 32 cases. 
Six of the thirty-two cases did not respond to the treatment. 

Osteomyelitis—\t is rather common to perform surgical operations on 
such cases as osteomyelitis. The malignancy of the ailment determines 
the type of treatment it should receive. Most patients of osteomyelitis 


TABLE 7 
Sinus (related illnesses) 








ACTIVITY OR SPORT ASSIGNED IN PHYSICAL THERAPY USED IN OR. ZR OF NUMBER OF CASES OF 





ORDER OF EFFECTIVENESS EFFECTIVENESS 1, 2, 3, 4 i IMPROVEMENT 
i. e 
None used Diathermy.............. A, a, 1,1, Th Behe ee 7 
Infra-red ..... S eink donde s, 2, 3 Slight....... 2 
Ultra-violet.. 005.05 2554 1, 1, 2, 3 Geeerscs. : 39 
SEUNG... «ik «steed <daiee ae +445 2 Verygood... 67 
ERMDOUNNOD. ... =. so Vee saan caw 4 Total Cases. . 115 








improve slowly. If a case has not progressed too far, there are beneficial 
results deriving from physical therapy administration. Evidences are that 
76.8 per cent had ‘‘slight and good” improvement. Whirlpool therapy is 
used most frequently. These findings are based on the thirteen cases 
studied. 

Sinus, Colds, Bronchitis, (etc.\—Inspecting the accumulative data, physi- 
cal therapy seems to be the main issue for treatment with diathermy hav- 
ing the most frequent assignments. Infra-red and ultra-violet are sec- 
ond in place as to use. The treatments used seem to be effective as 92.1 
per cent of the cases show ‘‘good and very good” improvement. 

Kyphosis (Round Shoulders)—Kyphosis, generally speaking, is a func- 
tional defect, however, it may become structural if proper treatment is 
not performed at the proper age. Physical therapy machines would not 
have very much effect upon this type of ailment. Activities and a few: 
special sports obtain the optimum results. Corner exercises, lunge forward 
exercises, trunk rising against resistance, breast stroke in swimming, 
and volleyball are good assignments to aid in correction of round shoulders 
Such activities and sports have to be used during the growth and develop- 
ment stage of an individual to get the best results. No cases of kyphosis 
were being treated in the hospitals surveyed. 
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ORDER OF IMPORTANCE OF PHYSICAL THERAPY EQUIPMENT 


In checking the order of importance of physical therapy equipment, — 
there is a positive correlation throughout the Veterans’ Administration — 
Hospitals making this report. The following summary lists in the order of 
their importance the types of equipment needed for a physical therapy 
program and the disabilities or disorders for which the equipment is most | 
effectively used. . 


Equipment Most Valuable Therapeutic Use 

1. Infra-red Hemiplegia, arthritis, sciatic rheumatism, polio 

2. Diathermy Arthritis, sciatic rheumatism, sinus (related), neu- 
ritis 

3. Massage table One leg missing, one arm missing, hemiplegia, 
arthritis 

4. Whirlpool Muscular dystrophy, polio, osteomyelitis, arthritis — 

5. Ultra-violet Dermatitis, sinus (related), neuritis 

6. Cabinet Neuritis, arthritis 

7. Shoulder wheel Neuritis, arthritis 

8. Stall bars Arthritis, neuritis 

9. Bicycle (Stationary) Hemiplegia, foot defects (functional) 

10. Faradic and Galvanic Polio, sciatic rheumatism 

11. Sitz bath Sciatic rheumatism 

12. Heat cradle Arthritis 
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A Study of Degrees and Ranks Held and the 
Graduate Credit Offerings Taught by Men 
and by Women in Physical Education* 


JANE 8. McIlroy 
Southern Idaho College of Education 
Albion, Idaho 


Accreprtine agencies and associations concerned with 
the scholarly attainment and professional status of graduate faculty in all 
fields of higher learning have, over a period time, recommended standards 
for individuals teaching on the graduate level. These agencies and associa- 
tions in general agree that graduate faculty members should demonstrate 
teaching and research ability, and have a high level of scholarship. They 


have recommended, also, that the graduate faculty members hold doc- 


toral degrees or the equivalent, and the rank of assistant professor or 
above (1-3). 

In reference to terms used in this study, graduate credit offerings may 
be defined as strictly graduate offerings for graduate students only, in 
addition to those undergraduate courses identified in the catalogues of 
the institutions of higher learning as carrying graduate credit. The term 
academic degrees refers to earned degrees, such as the Doctor of Phil- 
osophy, Doctor of Education, Master of Arts, Master of Science, Bachelor 
of Arts, and Bachelor of Science. 

The purpose of the present study was to compare the scholarly attain- 
ment and the professional status of men with that of women teaching 
physical education on the graduate level in universities, in colleges, and 
in teacher’s colleges. This comparison was specifically based upon: 

1. The degrees held by men and by women. 

2. The faculty rank held by men and by women. 

3. Graduate credit offerings taught by men and by women holding various 
types of degrees and ranks. 

Specific studies of the scholarship and professional status of men and 
women teaching physical education on the graduate level were made 
particularly from the year 1935 to date by H. Harrison Clarke (4), Norris 
and Sweet (7), Jack Hewitt (6), and Loren Tuttle (8) who did much to 
portray the professional status of the graduate faculty. These studies dealt 
primarily with the degrees and faculty rank held by the graduate faculty 
as a whole, with little regard for division of staff into sections of men 


* An abstract of a thesis fer the master of science degree presented to the School 
of Health and Physical Education and the Graduate School, University of Oregon, 
August, 1949. 
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and of women. Although Norris and Sweet did attempt such a division, 
their results, according to their own admission, lacked reliability. ba 
It seemed important that this study be undertaken to fulfill the need 
for more recent and reliable specific information than that presented 
Norris and Sweet, and by the other studies. It makes an effort to show 
prevailing practices nn some eighty seven institutions regarding scholar. — 
ship and rank of men and of women graduate faculty members. 












































TABLE 1 me 
297 Graduate faculty members and 719 graduate credit offerings taught in 57 institutions 
of higher learning 
57 Institutions M 
MEN WOMEN | MEN & WOMEN 
Ne] ® | Ne | ® | Ne pom 
Graduate Faculty............. 196 | 66.0/ 101 |34.0| 297 100.0 
Graduate Offerings........... 484 | 67.3 235 | 32.7 719 100.0 
TABLE 2 
296 Graduate faculty members teaching 718 graduate credit offerings according to type 
of institution y 
56 Institutions* 
UNIVERSITIES (41) COLLEGES (15) | MEN & WOMEN 
Men | Women | Wemce | Men | Women | Wer | Uni. | Colles 
i } 








% 








—|———- |- 
|No.| % |No.| % No.| % |\No| % |No| % |No| % |No| % |No, 
PEA Aaa ee 





Graduate | Bie |_| Seize 
Faculty. .... 158 68.4) 73/31.6|231/100.0, 37,56.9, 28 43.1) 65,100.0.231 78.0) 6522.0 

Graduate ~ | ae | | 

Offerings. ... 372/70.0 159/29 .9 531/100 .0)111 59.3) 7640.6 187/100 .0)531/73 .9)187 26.1 


| 
| 




















* Omission of data from the Teacher’s Colleges. (See Summary of Findings, item 
3.) 





Source, Nature, and Treatment of Data 


Data included in this study were obtained from the 1947-48 cata- 
logues of eighty-six of the eighty-seven institutions offering graduate 
study programs in physical education as collected by Loren Tuttle for use 
in his study of graduate practices, and from short personal letters and 
questionnaires sent: to the department heads in twenty institutions whose — 
catalogues contained insufficient information in this respect. 

The data, as shown in twelve tables of the original thesis, are on a num- 
ber and percentage basis. These tables refer to the graduate staff and 
indicate academic degrees and faculty rank held, and graduate credit 
offerings taught by men and by women in the universities, in the colleges, 
and in the teacher’s colleges. 
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The following four tables were selected from the original thesis on the 
basis of general interest and ease of reproduction. 


TABLE 3 


Degrees held by 297 graduate faculty members 
57 Institutions 





































































































, ’ ’ saenee No 
DOCTOR S DEGREE | MASTER'S DEGREE BACHELOR'S DEGREE eum DEGREE 
~ Degree title |No.| % | Degree title |No.| % | Degree title [No % |No| % |No| % 
Biker: Ment 
Men: No. 196 
MD. 8 4.1| M.A. | 4522.9 B.A. 14) 7.1 
Ph.D. 46|23.5| M.S. 2914.8 B.S. 10) 5.1 
Ed.D. 17| 8.7| M.Ed. | 11) 5.6 B.P.E. —| — 
D.O.* | .5| MPE. 311.5) BE. 1 0.5 
L.L.D 2; 1.0 B.C.S. 1 0.5 
| 5/2.5) 110.5 
Total 7638.8 | 88 44.9 2613.2) 52.5) 10.5 
or MSs pages W oment 
Women: No. 101 
M.D. 3, 2.91 M.A | 40/39.6 «B.A. 3| 2.9 
Ph.D. 21'20.8) M.S. | 1817.8 BS. 3} 2.9 
EdD. 54.9) MEd. | 54.9] BPE et a 
D.O.* M.P.E. —| — B.E. —_—|— 
7. || — | | B.C.S =e ee 
Se.D. ra Pf | 
|| 2/2.0' 1/1.0 
Total 29 28.7 | 6362.3 6 5.9 212.0 111.0 
Degree Summary 
Men and Women 
DEGREE TITLE TOTAL NUMBER TOTAL PER CENT | RANK ORDER 
ee ‘ " — | 
N,v y.. sp areicdek aden « 105 35.3 2 
SRR 5 SSS 151 50.8 1 
Bachelor’s.. rst Se 32 10.8 3 
Degree Not Given ivage wie 7 2.3 4 
No Degree... » Dicom 2 0.7 5 
SE ee 207 100.0 | 











* Doctor of Osteopathy. 
t Percentages based upon men among men and women among women. 





SUMMARY OF FINDINGS 


_ A summary of these findings shows that in general there are approx- 
imately twice as many men in institutions of higher learning teaching 
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twice as many graduate credit offerings as women. This same situation ran 
holds true for each separate type of institution, as university and college § 


‘ . Ass 
In the overall percentage picture, the men and the women are in approx. 5 
imate equal status in respect to those who hold specific academic degrees } the 
and faculty rank, with, however, the men meeting the recommended degree _ 6 
and rank standard to a slightly greater extent than the women. Variations | {o ; 
of this close equality may be noted in the breakdown of listings in the tau 
percentages of degrees and of ranks held in the universities and colleges, } yey 
In greater detail the summary presents the following data: 9% 


1. More men (66%) than women (34%) are teaching graduate offerings 
in physical education, thus more graduate offerings are taught by men | As 
(67%) than by women (33%). However, it may be noticed that the ratio by 















































TABLE 4 the 
Faculty rank held by 297 graduate faculty members fac 
57 Institutions 
Women: No. 101 Men: No. 19% “ 
a 
MENT WOMENT MEN & WOMEN ( D 
FACULTY RANK | 

No. | % No | % No. % wo 
a | -—-——-| ey ae 
Professor............... 75 38.3 | 2 | 23.8 | 99 33.3 > 
Associate............... 39 19.9 | 23 | 22.8 | 62 20.9 . 
Assistant.............. 43 21.9 2 hc Me 70 23.6 9 co 
Instructor.............. 23 11.7 16 | 15.8 39 13.1 it. 
ea 12 Si | *M.. bo Be 22 7.4 | 
Rank Not Given........ 4 2.0 | 1 | 1.0 5 1.7 . 
| § 
DR a ie webs sock as 196 100.0 101 | 100.0 297 100.0 les 

* Lecturer, Supervisor, Assistant and Associate in Physical Education, Part- 
time and Visiting Instructor. m 
t Percentages based upon men among men and women among women. th 
See ; : : ta 
between individuals teaching and offerings taught remains approximately ~ 


the same in the case of both the men and the women (Table 1). 

2. A greater percentage of graduate instructors, men and women, are on b 
university faculties (78%) than on college faculties (22%), likewise, more gt 
graduate offerings are taught in universities (74%) than in colleges (26%). L 
It can thus be seen that the college faculties are responsible for more 
offerings per instructor than are the university faculties. (Table 2). w 

3. No comparative percentages of degrees, faculty rank, and graduate 4 
offerings could be obtained from data available from the teacher’s colleges ¥ 
because of insufficient information contained in the catalogues of those 
institutions. 

4. The graduate faculty men came closer to meeting the degree standard 1 
recommended by the agencies and associations concerned with graduate 
programs than did women. (Doctor’s Degree: men 39%, women 29%; 2 
Master’s Degree: men 45%, women 62%; Bachelor’s Degree: men 13%, 
women 6%.) The men also came closer to meeting the recommended faculty 3 
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rank standard than did the women. (Professor, Associate Professor, and 
Assistant Professor Rank: men 80%, women 73%.) (Tables 3 & 4.) 

5. The graduate faculty, men and women, came much closer to meeting 
the recommended standard of rank than of degrees. (Tables 3 & 4). 

6. With respect to graduate credit offerings taught, men came closer 
to meeting the degree standard than women. (Doctor’s Degree: offerings 
taught by men 51%, by women 34%; Master’s Degree: offerings taught by 
men 38%, by women 58%; Bachelor’s Degree: offerings taught by men 
9%, by women 5%.) Likewise, concerning graduate offerings taught, men 
came closer to meeting the rank standard than did women. (Professor, 
Associate Professor, and Assistant Professor: offerings taught by men 86%, 
by women 77%. 

7. In relation to the above mentioned graduate offerings, the men and 
the women came much closer to meeting the recommended standard of 
faculty rank than of academic degrees. (Refer to item 6.) 

8. The university faculty men came closer to meeting the degree stand- 
ard than the college women, the university women, and the college men. 
(Doctor’s Degree: university men 43%, college women 39%, university 
women 25%, college men 19%; Master’s Degree: university men 42%, 
college women 54%, university women 66%, college men 59%; Bachelor’s 
Degree: university men 13%, college women 0%, university women 8%, 
college men 16%.) Concerning the college men and the college women, 
it may be stated that they came closer to meeting the recommended rank 
standard than the university men and the university women. (Professor, 
Associate Professor, and Assistant Professor Rank: college men 86%, col- 
lege women 86%, university men 78%, university women 68%.) 

9. In reference to graduate credit offerings taught, the university faculty 
men came closer to meeting the degree standard than did the college women, 
the university women, and the college men. (Doctor’s Degree: offerings 
taught by university men 56%, by college women 43%, by university 
women 29%, by college men 34%; Master’s Degree: offerings taught by 
university men 35°%, by college women 51%, by university women 62%, 
by college men 49%; Bachelor’s Degree: offermgs taught by university men 
8%, by college women 0%, by university women 8%, by college men 
11%.) Whereas, with respect to faculty rank, the college faculty, men and 
women, came closer to meeting the recommended standard than the 
university faculty, men and women. (Professor, Associate Professor, and 
Assistant Professor Rank: offerings taught by college men 91%, by college 
women 84%, by university men 84%, by university women 74%.) 
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The Acute Effect of Smoking Upon the 
Physical Performance of Habitual Smokers 


WarrREN E. Reeves AND LAURENCE E. MorreHOUSE 
l'niversity of Southern California, Los Angeles 


Doss SMOKING hinder athletic performance? Many 
coaches and trainers say that it does while others in the field of athletics 
maintain that there is no immediate effect from smoking. Previous studies 
show variable effect of smoking upon speed and accuracy of manipulative 
activities (1, 2, 4-6). Smoking was shown to prolong recovery after double 
periods of work using a hand dynamometer (10). When this study was re- 
peated using more careful controls, no effect on recovery due to smoking 
was noted (7). These studies are summarized in Table 1. 


PROBLEM 


It was the purpose of this investigation to study the acute effect of smok- 
ing upon some of the physiological components of athletic performance in 
habitual smokers. 


METHOD 


In order to study the acute effect of smoking upon the physical perform- 
ance of habitual smokers, fifteen college students who were habitual 
smokers volunteered as subjects for the study. Fourteen of the subjects 
were men and one was a woman. Tests of speed, strength, agility, and en- 
durance were administered to all subjects under two conditions. Condition 
(a) was a non-smoking period two hours prior to the test. Condition (b) 
was inhaling 2.7 liters of smoke from one cigarette. 


APPARATUS 


In order to control the amount of smoke inhaled by the subjects during 
the experiment, a smoking device was constructed. This device is shown in 
Figure I. It consisted of a mouthpiece (g) connected to a chamber (e) con- 
taining flutter valves (d) which directed the flow of smoke through an 
aperture (f) into the subject’s respiratory cavity upon inhalation. During 
exhalation, the expired air passed through a tube connecting the pipe (h) 
with a gasometer. A lighted cigarette was placed in the aperture of the 
smoking device (a). The subject inhaled smoke through the cigarette 
which was mixed with air drawn through the small opening (b) at the end 
of the device. Most of the subjects consumed three-fourths of a cigarette 
during the process which required three to four minutes. The location of 
the right intake valve (d) prevented exhaled air from increasing the com- 
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TABLE 1 


Summary of studies of the acute effect of smoking on physical performance 





RESULTS AFTER SMOKING 





Speed and accuracy of sorting 
playing cards 
Accuracy of throwing darts 


Prolonged tapping of telegraph 
key at maximum rate 

Speed and accuracy of simple 
and — reactions to col- 
ont ligh 


ie 


Repe repem of Willgoose study. 
Used sed placebo and random- 


=< of grip 
Non-smoking test 
a < agar 2 days after 





Slight Rierenee 1 in accuracy 


Negligible to slight decrease 
of accuracy 

Slight increase in speed and 
endurance 

Increased speed and accuracy | 


| 


| 
| 
| 
| 
| 
| 
| 
| 


Lower degree of recovery after 


smoking. (May be ascribed 
to beneficial effect of train- 
ing on non-smoking test) 

No effect on recovery from | 
fatigue. 
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Ficure I. Special experimental smoking device 
a—cigarette holder 


b—air opening 


c—air intake pipe 
d—flutter valves (rubber) 
e—valve chamber 


f—mouth pipe 


g—mouth piece (rubber) 
h—air eseape pipe all parts brass except those noted 


Seale: 0.5” equal 1.0” 
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bustion of the cigarette. The subjects reported irritation of the upper 
respiratory tract during and immediately after smoking. It was observed 
that the subjects increased salivation markedly during smoking. 


PROCEDURE 


Each subject reported to the laboratory on alternate successive days at 
approximately the same time. The activity of each subject preceding the 
test sessions was identical. The subject was seated and connected to the 
smoking apparatus. On the non-smoking day (condition a) the cigarette 
in the device was unlighted. On the smoking day (condition b) the cigarette 
was lighted. The order of conditions (a) and (b) was alternated to control 
as far as possible the effects of fatigue, training, and familiarity with the 
procedure. in each instance, after 2.7 liters of gas had been exhaled into 


TABLE 2 


Summary of Variation among test scores in the two conditions of non-smoking and 
smoking before performance 








| 











MEAN SCORES | DIFFERENCE | 
4 BETWEEN NON- Sigg? | LEVEL OF CON- 
_ Non. SMOKE AND id | 'FEDENCE 
omeks Smoke | SMOKE | 
; thin main Lath Si 
| be 
Tapping (taps per sec.) ! 9.5 9.3 0.2 0.833 | 40 
oe Jump (inches) ..| 0) See 0.1 0.415 | 7 
Grip Strength (kgs. ) ..| 78.2 | 78.6 | —0.4 0.289 | 80 
Push Strength (pounds) ..| 93.2 | 92.4 0.8 0.352 | 70 
Step Test Score (points) 70.3 | 68.3 | 2.0 0.729 50 
Pulse Rate after Step Test. | 
(per 30 secs.) 65.6 68.6 | —3.0 0.958 | 40 
Duration of deiintted Exer- | 
cise. ae . 250.0 | 257.0 | —7.0 40 


0.786 











the gasometer, the subject was disconnected from the apparatus and was 
given the physical performance tests. 


TESTS 


A battery of tests of physical performance was administered in the order 
in Which they are described below: 

The tapping test, a test of speed of voluntary movements, was used to 
measure the functional condition of the central nervous system. The sub- 
jects tapped a telegraph key as rapidly as possible for five seconds. The 
taps were recorded on a moving kymograph upon which one-second time 
marks had been previously recorded. The highest rate during any one sec- 
ond was recorded as the rate of tapping. 

Strength was measured by recording maximum efforts on a grip and a 
push dynamometer using standard procedures (3). Each subject was al- 
lowed five trials on each instrument. The highest reading was recorded in 
both instances. 
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The Sargent Jump was used to measure muscular power, or the abili 
to exert a large force in a short time. The jump and reach type of apparatys 
was used in the conventional form (8). 

The Short Form of the Harvard Step Test (9) was employed to measur 
endurance of the subjects and to measure the degree of displacement of 
physiological homeostasis. 


RESULTS 


A statistical summary of the results of the tests given under the two 


conditions of the experiment appears in Table 2. The test scores achieved 
under the two conditions were compared. None of the scores showed a sta- 
tistical difference or a level of confidence high enough to indicate the smok- 
ing before the tests had any immediate effect upon performance. 


SUMMARY AND CONCLUSIONS 


Fifteen habitual smokers inhaled cigarette smoke just before performing 
tests of speed, strength, power, and endurance. They repeated the tests 
after refraining from smoking. The results of the tests support the following 
conclusions: 

1. Smoking does not appear to have any influence upon the performance 
of any of the tests of maximum rate of voluntary movement, muscular 
strength and power, or cardiovascular fitness for strenuous endurance type 
of exercise. 

2. Apparently, if a person is a habitual smoker, it makes no difference in 
his physical performance whether he abstains from smoking for a few hours 
before performing or whether he smokes up to the start of the event. 
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Grip Strength Norms for Males 


Kart W. BookwALTER 

Assisted by Ben Bruce, Cecil Cameron, Grace I. Fox, Virginia 
L. Hoffman, Pete Newquist, David Rains, Merle Rousey 
Indiana University, 

Bloomington, Indiana 


Ir IS THE purpose of this study to analyze male grip strengths 
by age, by weight classes, and by Classification Index' groupings. 

Grip strength is one of the most reliable dynamometrical measures of 
human strength. It is a relatively economical measure, is easily adminis- 
tered and is a direct measure of applied force. Accordingly grip strength is 
alikely component of strength batteries, a strength item in a “‘fitness” bat- 
tery, or single item reasonably representative of total body strength. 

Profiles were made of the mean and standard deviation through each 
interval in the age, weight classes, and Classification Index divisions, to 
show graphically the relationship of increased age, weight, and Classifica- 
tion Index to grip strength. The standard deviation limits are indicated by 
dotted lines. 

Achievement scales have been established for each hand for each age 
from 9 to 24 and up; for weight groups from up to 69 pounds and to 210 
pounds and up, in decile groups; and for Classification Index I groups from 
up to 594 to 980 and up, in intervals of 35 points of Index. There is evi- 
dence that, norms should be established for Wetzel’s? developmental levels 
and physique classifications, but this awaits further study. No effort has 
been made to indicate a superior basis for classifying for grip strength. In- 
stead, it is the object of this study to make norms available by age, weight, 
and Classification Index. 

The six sigma formula is employed in each scale and the frequencies for 
all aspects of the study follow. In this procedure the mean is set at 50 
seale score points and the raw score equivalent for each scale score is deter- 
mined as indicated at the top of each scale. 


Sampling 

The data for this study were collected from several states (Colorado, 
Illinois, Indiana, Kentucky, and Missouri) and aspects of the study were 
undertaken by the several authors at different times. The frequencies are 

‘Charles H. McCloy, The Measurement of Athletic Power, A. 8. Barnes and Com- 
pany, New York, 1932, p. 119. 

*Norman C. Wetzel, Instruction Manual In the Use of the Grid for Evaluating 
Physical Fitness. N. £. A. Service, Cleveland, 1941. 
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not the same for the different parts of the study but it is felt that a sufficient 
sample is involved in any mean or deviation to give reasonable assurance 
of practicable stability to the scales. 


GRIP STRENGTH PROFILES-MALES 
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LEFT GRIP STRENGTH OF MALES BY AGE 


The left mean grip strength of males from ages 9 through 24 and up tends 


generally to increase with age. Slight progression occurs in mean grip 
strength from ages 9 to 14. Progression accelerates from 14 to 17 years with 
the greatest increases at 16 and 17 years. A few small irregularities in meat 
strength appear between 17 and 24 years and up when progression is 
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slower. But a plateau starts at approximately 17 years of age. The 9 year 
olds have the smallest mean grip strength, 42 pounds, and the oldest men 
have the greatest mean grip strength, 121 pounds. 

Left hand grip by age shows more irregularity and varied variability 
than the right hand grip. The least variability and the smallest mean grip 
strength is between the ages of 9 to 11, where the number of cases is small. 
Wider variability occurs from 12 years on with the greatest variability 
during the 14 to 17 years range of mean strength acceleration. The 14 to 17 
years range includes the rapid growth years. The left hand mean grip 
strengths are less than the right ha~d mean grip strengths for every age 
group. The difference at regular increments ranges from 5 to 14 pounds. 


Frequencies of cases in various age, weight, and classification index groups 
Age 
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5 seOuP | 980- 
a iB | | 770-804 | 805-39] 840-74) 875-909 /910-44/ 948-79) yp : 
7 “oi ta 7. _|—} |} came ESN: Paesetmeree: SSE OR BAA OA Pr 
| LH | 35) 55 1113 213 | 291 339 | 327 | 334 | 521 1027 | 837 | 318 | 82 |4492 
ORB) 35) 55 | 112 | 213 | s | Bor | 330 | 327 334 | 521 | 1028 | 838 | 321 | 82 |4496 
r a a Se 
° RIGHT GRIP STRENGTH OF MALES BY AGE 
‘ The right mean grip strength of males from ages 9 through 24 and up 
z tends generally to increase with age. Slow, regular progression in mean grip 
| strength occurs from ages 9 to 14. Progression accelerates from 14 through 
| 1l6years with the greatest increase at 16 years. Beyond 16 years progression 
| isslower, but regular through 23 years, with a rise occurring at the last 
| interval, 24 years and up. However, there tends to be a plateau beyond 16 
| years, although less pronounced than for the left hand. Right hand mean 
» tends grip strength by age shows less irregularity in progression than the left 
n grip. hand grip. The least variability is at the 9 year old interval, where the 
rs wit number of cases is small. Wider variability occurs from 13 years on. The 9 
: mee and 10 year olds have the smallest mean grip strengths, 43 pounds and 49 
sion 8 pounds, and the oldest men have the greatest mean grip strengths, 135 


pounds. After 14 years the variability of the age groups differ only slightly. 





60/100 left grip strength scales for males by age 
















































































AGE 
SCORE rr SAE OA Thee sac 
9| 10 | 11 | 12 | a3 | 14 | 15 | 16 | 17 | 18 | 19 | 20 | 2 | 22 

100 | 65) 78 | 76 | 95 |112 |130 |154 175 154 148 (166 |170 /181 180 |169 |183 | 109 
99 | 64 94 |111 /128 153 |173 153 |147 165 |169 |179 |178 |168 |182 | 99 ( 
98 77 | 75 | 93 109 (127 151 |171 (152 146 164 [168 [178 177 167 |181 | 98 ' 
97 76 | 92 |108 |125 |150 169 151 163 166 |176 176 |166 |180 | 97 
96 | 63 74 | 91 |107 |124 |148 (167 |150 145 162 |165 [175 (174 |165 178 | 9% , 
95 75 90 |106 |122 145 166 149 |144 160 |164 |174 |173 |164 |177 | 95 
94 | 62) 74 | 73 | 89 |104 /120 |145 164 [148 143 159 |163 |172 |172 |163 [176 | 94 
93 72 | 88 |103 |119 143 |162 |147 |142 158 |162 |170 |170 162 |175 | 93 ) 
92 | 61; 73 87 |102 {118 |141 |160 |146 141 |157 |161 |169 |169 161 |173 | 92 | 
91 72 | 71 | 86 \101 (116 [140 158 145 140 |156 |160 |168 /168 159 |172 | 91 

90 | 60 100 {115 |138 |157 [144 |139 |154 159 |167 |167 |158 [171 | 90 

89 71 | 70 | 85 | 98 |113 |186 |155 |142 |138 |153 |157 |165 |165 |157 |170 | 89 

88 | 59) 70 84 | 97 |112 135 |153 141 152 |156 |164 |164 |156 |168 8&8 

87 69 | 83 | 96 |110 (133 (151 (140 (137 151 |155 [162 163 |155 |167 | 87 

86 69 82 | 95 |109 /131 |150 |139 |136 150 |154 |161 (161 |154 (166 | 86 

85 | 58} 68 | 68 | 81 | 93 |107 {130 |148 |138 (135 149 |153 |160 160 (153 |165 | 8&5 

84 67 | 80 | 92 |106 |128 |146 |137 134 148 |152 |158 |159 |152 163 | 84 

83 | 57) 67 79 | 91 |104 |127 |144 |136 133 146 |151 |157 |157 |151 (162 83 

82 66 | 66 | 78 | 90 |103 [125 142 135 132 |145 |150 (156 |156 |150 |161 | 82 

81 77 | 88 |101 |123 141 134 131 (144 |149 |154 |155 {148 |160 | 81 

80 65 | 65 87 |100 |122 |139 133 130 143 |148 |153 /153 |147 |158 | 80 

79 | 55) 64 76 | 86 | 99 |120 (137 132 (142 |147 |151 {152 |146 |157 7 

78 63 | 64 | 75 | 85 | 97 |118 135 131 129 141 (146 |150 (151 |145 |156 | 78 

77 | 54 63 | 74 | 84 | 96 |117 134 [130 128 139 |144 (148 |149 [144 155 | 7 

76 62 73 | 82 | 94 (115 |132 129 |127 138 |143 |147 |148 |143 |153 | 76 

75 61 | 62 | 72 | 81 | 93 (113 130 |128 |126 |137 |142 146 |147 |142 [152 | 75 

74 | 53 71 | 80 | 91 |112 [128 |127 125 (136 [141 [144 /145 |141 [151 | 74 

73 60 | 61 | 70 | 79 | 90 |110 |126 |126 124 135 |140 (143 |144 |140 |150 | 7 

72 | 52) 59 69 | 77 | 88 |109 |125 125 123 |134 |139 |142 (143 |139 |148 | 72 

71 60 | 68 | 76 | 87 |107 (123 |124 122 |132 |138 |140 |141 |137 |147 | 71 

70 | 51) 58 75 | 85 |105 (121 123 | 131 |137 |139 |140 |136 |146 | 70 

69 57 | 59 | 67 | 74 | 84 |104 119 |122 121 |130 136 |137 |139 |135 |145 | 69 

68 | 50 58 | 66 | 72 | 82 |102 |118 121 120 |129 |134 |136 |137 |134 |143 | 68 

67 56 65 | 71 | 81 100 {116 |120 1119 128 |133 |135 |137 |133 |142 | 67 

66 57 | 64 | 70 | 79 | 99 |114 |119 |118 |127 |132 |133 |135 |132 |141 | 66 

65 | 49) 55 63 | 69 | 78 | 97 [112 118 (117 126 |131 |132 |133 |131 |140 | 65 

64 54 | 56 | 62 | 68 | 76 | 95 110 117 116 124 |130 |130 (132 |130 |138 | 64 

63 | 48) 53 61 | 66 | 75 | 94 109 |116 115 |123 |129 |129 |131 |129 |137 | 63 

62 55 | 60 | 65 | 73 | 92 |107 |115 114 |122 |128 |128 |129 |128 |136 | 62 

61 | 47| 52 | 54 | 59 | 64 | 72 | 90 105 114 121 |127 |126 |128 |126 135 | 61 

60 51 63 | 70 | 89 1103 113 113 (120 |126 \125 \127 |125 |133 | 60 

59 | 46 53 | 58 | 61 | 69 | 87 |102 112 112 |118 125 |124 |126 |124 (132 | 59 

58 50 57 | 60 | 67 | 86 |100 |111 {111 ALT |124 122 (124 |123 {131 | 58 

57 | 45| 49 | 52 | 56 | 59 | 66 | 84 | 98 110 110 116 122 |121 |123 |122 \130 | of 

56 55 | 58 | 64 | 82 | 96 108 109 115 121 119 (122 \121 {128 | 56 

| ais BS 

55 48 | 51 | 54 | 56 | 63 | 81 | 94 (107 108 (114 120 118 |120 {120 127 | 55 

54 | 44) 47 53 | 55 | 62 | 79 93 |106 107 113 \119 |116 |119 |119 126 | 54 

53 50 | 52 | 54 | GO | 77 | 91 (105 106 112 118 115 \118 |118 |125 53 

52 | 43) 46 | 49 | 51 | 53 | 59 | 76 | 89 |104 110 [117 {114 \116 [117 {123 | 52 

51 | 50 | 51 | 57 | 74 | 87 (103 105 |109 116 |112 \115 {115 122 | 51 

252 
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| AGE 
SCALE SCALE | = : : ones 
es i scORE |) | scons 
| Scone 9 | to | m | 12 | 13 | 14) 15 | 16 | 47 | a8 | 19 | 20 | 21 | 22 | 23 | 26 
— | — | le | am | ee Ce a ee as 
ies 50 42) | 48 49 50 | 56 | 72 | 86 [102 (104 108 [115 |111 (114 |114 |121 | 50 
2 | 0 49 44 | 49 | 54 | 71 | 84 |101 |103 |107 |114 /110 |112 /113 |120 | 49 
r} gg | 48 | 41/43 47 48 48 | 53 | 69 | 82 100 [102 [106 112 [108 [111 |112 |118 | 48 
liom a | 47 47 | 51 | 68 | 80 | 99 |101 |105 [111 [107 [110 [111 |117 | 47 
3/96 | 46: 4042 46 46 45 | 50 | 66 | 78 | 98 [100 104 [110 [105 |108 [110 [116 | 46 
>| 95 45 | | 41/45 45 44 | 48 | 64 | 77 | 97 | 99 |102 |109 |104 [107 |109 [115 | 45 
51 98 44 | 44 | 43 | 47 | 63 | 75 | 96 101 |108 |103 |106 |108 |113 | 44 
5 | 98 43 | 39| 40 44 43 42 | 45 | 61 | 73 | 95 | 98 |100 [107 |101 |104 |107 |112 | 43 
iow #2 39 | 42 40 | 44 | 59 | 71 | 94 | 97 | 99 [106 |100 103 |106 |111 | 42 
>| of yt | 38; 43. 41 39 | 42 | 58 | 70 | 93 |.96 | 98 105 | 98 /102 /104 110 | 41 
| 99 40 38 38 41 | 56 | 68 | 92 | 95 | 96 {104 | 97 |100 |103 |108 | 40 
»| go | 39 37/37 42 40 37 | 39 | 54 | 66 | 91 | 94 | 95 [103 | 96 | 99 [102 [107 | 39 
| 38 39 36 | 38 | 53 | 64 | 90 | 93 | 94 |102 | 94 | 98 |101 |106 | 38 
7 | og 37 | 36, 36 41 38 34 | 36 | 51 | 62 | 89 | 92 | 93 {100 | 93 | 96 {100 |105 | 37 
5 | 8% 36 35 40 37 33 | 35 | 50 | 61 | 88 | 91 | 92 | 99 | 92 | 95 | 99 |103.| 36 
5] 95 35 | 35 36 32 | 33 | 48 | 59 | 87 91 | 98 | 90 | 94 | 98 |102 | 35 
31 Be 34 | 34 39 35. 31 | 32 | 46 | 57 | 86 | 90 | 90 | 97 | 89 | 92 | 97 101 | 34 
4 33 33 34 29 | 30 | 45 | 55 | 85 | 89 | 88 | 96 | 87 | 91 | 96 100 | 33 
| gg 32 | 34 38 33 28 29 | 43 | 53 | 84 | 88 | 87 | 95 | 86 | 90 | 95/98 | 32 . 
| 8 31 32 32 27 | 27 | 42 | 52 | 83 | 87 | 86 | 94 | 85 | 88 | 93} 97) 31 
3] 99 30 | 33) 31 | 37 26 26 | 40 | 50 | 82 | 86 | 85 | 93 | 83 | 87 | 92| 96 | 30 
| 3 29 36 31 24 | 24 | 38 | 48 | 81 | 85 | 84 | 92 | 82 | 86 | 91) 95| 29 
ie 28 | 32| 30 30 23 | 23 | 37 | 46 | 80 | 84| 83 | 90 | 80 | 84/90] 93| 28 
5 oF 27 29 35 29 22) 22 | 35 | 45 | 79 | 83 | 81 | 89 | 79 | 83 | 89 | 92| 27 
;| 76 % | 31 28 21 20 | 34 | 43 | 78 80 | 88 | 78 | 82 | 88 | 91 | 26 
} | 
| 05 2% | | 28 34 27 20/19 | 32 | 41 | 77 | 82] 79 | 87 | 76 | 81 | 87 | 90| 25 
12 2% | 30| 27 26 18 | 17 | 30 | 39 76 | 81 | 78 | 86 | 75|79| 86 |88| 24 
| 2 23 | 33 25 17 | 16 | 29 | 37 | 74 | 80 | 77 | 85 | 74 | 78 | 85} 87 | 23 
3| 7a 2 | | 26 24 16 | 14 | 27 | 36 | 73 | 79 | 76 | 84 | 72 | 77 | 84 | 86 | 22 
>| a 21 | 29; 25 32 23 15 | 13 | 26 | 34] 72] 78 | 74 | 83 | 71 | 75 | 82) 85| 21 
5| 70 | | 31 13 | 11 | 24 | 32 | 71 | 77 | 73 | 82 | 69 | 74} 81 | 83 | 20 
5 | 19 | 28) 24 22 12 | 10 | 22 | 30 | 70 | 76 | 72 | 81 | 68 | 73 | 80 | 82| 19 
5 | 68 18 | | 23/30 21 11) 8| 21 | 29] 69 | 75 | 71 | 80 | 66 | 71 | 79| 81 | 18 
2 | 7 17 | 27! 22 20 10} 7/| 19 | 27 | 68 70 | 78 | 65 | 70 | 78 | 80} 17 
| 16 | 29 19 8| 5 | 18 | 25) 67 | 74 | 69 | 7 | 64 | G9 | 77 | 78) 16 
>| 65 15 | 26) 21 iS 7) 4/| 16 | 23 | 66 | 73 | 68 | 76 | 62 | 67 | 76| 77 | 15 
| 6 14 | |20 28 17 6| 2/| 14| 21 | 65 | 72 | 66 | 75 | 61 | 66 | 75| 76) 14 
| @ 13 | 25 27 16 5) 1/13 | 20 | 64| 71 | 65 | 74 | 60 | 65 | 74] 75| 13 
5 | 62 12 | | 19 15 4) | 11) 18 | 63 | 70 | 64 | 73 | 58 | 63 | 73 | 73) 12 
5; a | 1/418 2 14 2) | 10} 16 | 62) 69 | 63 | 72 | 57 | 62) 71) 72/ 1 
31 6 10 | 1 8 | 14 | 61 | 68 | 62 | 71 | 55 | 61 | 70) 71) 10 
2 | sm 9) |17| 25) 13 | 6 | 13 | 60 | 67 | 60 | 70 | 54 | 59 | 69) 70| 9 
1| 58.” 8 | 23) 16 12 | | 5} 11] 58 59 | 68 | 53 | 58 | 68 | 68+ 8 
o| 87 7 | 4 11 | | 3| 9 | 58 | 66 | 58 | 67 | 51 | 57 | 67 | 67| 7 
3 | 56 6 | 22) 15 | 23 10 | | 2) 7 | 57 | 65 | 57 | 66 | 50 | 55 | 66 | 66) 6 
| | 
7 | 55 5; | 14 9 | 1 5 | 56 | 64 | 56 | 65 | 48 | 54 | 65) 65 5 
6 | Bt 4 | 21 22| 8 | | 4:| 55 | 63 | 55 | 64 | 47 | 53 | 64) 63) 4 
5 | 88 3 | | 13 7 2 | 54 | 62 | 54 | 63 | 46 | 51 | 63 | 62) 3 
3 | 82 2 | 2) 12/21) 6 53 | 61 | 52 | 62 | 44 | 50 | 62/61| 2 
2 | 5 rl] 5) | 52 | 60 | 51 | 60 | 43 | 49 | 60/60) 1 
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SCALE AGE wall ue 
SCORE bi peiiainmeneneneiinie eer! 4 SCAl 
9/10 | 11} 12 | 13 | 14] 15 | 16 | 17 is | 19 | 20 | 2! | 22 | 23 | 24 — on 
100 | 71| 84 | 86 {104 |124 |138 |167 |166 |169 [171 |182 |179 [191 |184 |195 |193 | 109 , 
99 | 70} 83 123 |136 |165 |165 |168 |170 |181 |178 |190 182 194 191) @ Fg 
98 85 |100 |121 |135 |163 |164 |167 |169 |179 |177 |188 |181 |192 /190| ge} 4 
97 82 | 84 | 99 |120 {133 |162 |162 |166 |168 |178 |176 |187 180 |191 |189 | 97 i 
96 | 69) 81 98 |119 |132 |160 |161 |164 |167 |177 |175 |186 179 |190 |188 | 9 i 
| | 7 
95 83 | 97 (118 [130 |158 |160 {163 165 |176 |173 |184 178 [188 |187| 9 Fy 
94 | 68| 80 | 82 | 96 |116 [129 ]157 |159 162 164 |174 |172 |183 |176 |187 |186 | o% Py. 
93 79 95 |115 |127 |155 /157 |161 |163 |173 |171 |181 |175 |185 185 | —B Fy 
92 | 67 81 | 94 |114 |126 |153 |156 [160 |162 172 |170 |180 174 |184 |183 | 92 i 
91 78 | 80 | 93 [112 |124 |152 |155 |158 161 |171 |169 |179 |173 |183 |182| 91 rt 
90 | 66) 77 92 |111 (123 |150 |153 |157 |160 169 |167 |177 |171 |181 [181 | 99 4 
89 76 | 79 110 {121 |148 |152 |156 159 |168 166 |176 170 (180 180, 99 | = 3 
ge x5 | | So i ln iss an 13, 1s fon Mea (des a? | 
9 156 |1 168 |177 178 | 87 | 
86 | 64) 74 | 77 | 89 |106 |117 [143 |148 152 |155 |164 |163 |172 |167 |176 176 | 8 ; 
85 76 | 88 105 |115 [141 [147 |151 |154 (163 {161 |170 165 175 |175 | 8% 3 
3 BS 73 cs = 108 ud 140 146 160 |153 162/160 |169 164 |173 [174 | 8 3 
9 152 |161 |159 168 163 |172 |173 | 83 3 
- 82 71 $5 (101 |111 {136 |143 (148 (151 (159 |158 |166 162 |171 |172| & 3 
81 | 62 74 | 84 |100 |109 |135 |142 [146 149 158 157 |165 |160 (169 |171 | 81 3 
80 70 | 73 | $3 | 98 108 |133 |140 (145 148 (157 |155 |163 159 |168 |169 | 90 3 
79 | 61) 69 82 | 97 |106 |131 |139 144 147 156 |154 |162 |158 |166 [168 | 79 9 
78 72 96 {105 |130 /138 |143 146 |154 (153 |161 |157 165 |167 | 78 ’ 
77 | 60} 68 | 71 | 81 | 95 |103 |128 137 |142 |145 |153 |152 [159 155 |164 |166 | 7 9 
76. 67 80 | 93 |102 |126 |135 |141 |144 152 |151 /158 |154 |162 165 | 76 9 
75 | 50| 66 | 70 | 79 | 92 |100 |124 (134 |139 |143 |151 |149 |156 153 |161 [164 | 7% Q 
74 69 | 78 | 91 | 99 123 133 |138 |142 |149 148 |155 (152 |160 |163 | 74 2 
73 65 77 | 89 | 97 [121 |131 |137 |140 148 [147 |154 151 [158 [161 | 7 9 
72 | 58| 64 | 68 | 76 | 88 | 96 |119 |130 |136 139 |147 |146 |152 |149 |157 1160 | 72 9 
71 67 | 75 | 87 | 94 |118 |129 |135 138 |145 |145 |151 148 |156 |159 | 71 ; 
70 | 57) 63 74 | 86 | 93 |116 |128 133 |137 |144 [143 |149 147 [154 [158 0 Fs 
69 62 | 66 | 73 | 84 | 92 |114 |126 |132 136 143 |142 ]148 146 |153 |157 | 69 
68 | 56 65 83 | 90 |113 [125 |131 |135 |142 |141 |147 |144 |152 |156 | 68 
67 61 72 | 82 | 89 |111 |124 130 |134 |140 (140 |145 |143 |150 |154 | 67 
66 | 55 60 | 64 | 71 | 80 | 87 |109 |122 |129 |132 139 |139 |144 |142 149 153 | 66 
65 59 70 | 79 | 86 |107 |121 |127 |131 |138 |137 |143 [141 |147 [152 | 6 
64 | 54 63 | 69 | 78 | 84 |106 {120 |126 130 |137 |136 |141 140 146 |151 | 64 
63 58 | 62 | 68 | 77 | 83 |104 {118 |125 |129 |136 |135 |140 138 145 |150| 6 fF: 
62 | 53) 57 67 | 75 | 81 (102 |117 /124 |128 |134 |134 |138 |137 |143 {149 | 62 | 
61 61 | 66 | 74 | 80 |101 116 {123 |127 133 |133 |137 |136 |142 |147 | 61 | 
- 60 56 | 60 | 65 | 73 | 78 | 99 |115 (121 [126 132 |131 [136 |135 (141 |146 | 60 
59 | 52) 55 64 | 72 | 77 | 97 |113 |120 |124 (130 |130 |134 |133 |139 145 | 59 | 
58 54 | 59 70 | 75 | 96 |112 |119 |123 |129 |129 |133 |132 138 |144 | 58 
57 | 51 58 | 63 | 69 | 74 | 94 [111 |118 122 128 |128 |131 |131 |137 143) 57 
56 53 62 | 68 | 72 | 92 |109 |117 |121 127 |127 |130 130 |135 [142 | 56 
55 | 50) 52 | 57 | 61 | 66 | 71 | 90 {108 [115 [120 |125 |125 |129 |129 |134 |140 | 55 
54 56 | 60 | 65 | 69 | 89 /107 |114 119 124 |124 |127 |127 |133 [130 | 54 
ey ee] See | oe eee FS 18 1 es ie a” 
104 |112 |116 |122 |122 |124 |125 |130 |1 : 
51 | 48| 49 | 54 | 57 | 61 | 65 | 84 |103 [111 |115 (120 |120 |123 |124 |128 [136 | 51 
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60/100 right grip strength scales for males by age 








= ne ee and eel . 
Se Re NM TOR NE cn) = 










































all ns SCALE rai — 
oe) me ol wo) 1 | 12 | 13 | | as 16 | 17 | 18 | 19 | 20 | 2 | 22 | 23 | 28 “§ 
3 | 10) 50 56 60 | 63 | 82 102 |109 |114 |119 |119 |122 122 |127 |135 | 50 
1) 9 49 53 55 59 | 62 | 80 |100 108 /113 |118 |118 /120 |121 |126 /133 | 49 
0; Ba 4g | 47| 47 54 57 | 60 | 79 | 99 |107 (112 |117 |117 |119 |120 |124 |132 | 48 i 
9| W 47 52 | 56 59 | 77 | 98 106 |111 {115 [116 |118 |119 |123 |131 | 47 rf 
8) % 46 | 46 46 | 51 53 55 | 57 | 75 | 96 |105 |110 |114 |114 |116 |118 |122 [130 | 46 if 
i 
7) Oe 45; |45| | 52 54 | 56 | 74 | 95 (103 {109 {113 [113 [115 [116 [120 |129 | 45 i 
6) UR ay | 45 50 | 51 52 | 54 | 72 | 94 102 107 [112 |112 |113 |115 119 |128 | 44 if 
5 9B 43 | 44| 49 | 50, 51 | 53 | 70 | 98 |101 {106 |110 [111 112 |114 [118 [127 | 43 i 
3/92 7 49 | 44) 43 49 50 | 51 | 68 | 91 |100 |105 |109 |110 |111 |113 |116 125 | 42 if 
2; 9%) gf | 42/48) 48 | 49 | 50 | 67 | 90 | 99 |104 /108 |108 |109 |111 [115 |124 | 41 { 
; | | : 
1; | 4 43, | 47 47 47 48 | 65 | 89 | 97 |103 |107 [107 108 [110 |114 |128 | 40 
0) Se 3) | 411 46 46 | 47 | 63 | 87 | 96 |102 |105 |106 106 |109 |112 122 | 39 i 
9) 3g 42: 40 | 46 45 45 | 45 | 62 | 86 | 95 |101 [104 |105 |105 |108 |111 121 | 38 
8) 8 37 | 45 43 | 44 | 60 | 85 | 94 | 99 |103 |104 |104 |107 |109 120 | 37 ; 
6% 3% | 39 44 42 | 43 | 58 | 84 | 93 | 98 /102 |102 |102 |105 |108 /118 | 36 i 
5 | 8 3 41/38 44 43 41 | 41 | 57 | 82 | 91 | 97 |100 |101 |101 [104 |107 [117 | 35 ip 
4| 8 34 | | 37 42 40 | 40 | 55 | 81 | 90 | 96 | 99 |100 | 99 |103 |105 |116 | 34 ; 
3 | 83 33 | 40/ | 43 41 38 | 38 | 53 | 80 | 89 | 9% | 98 | 99 | 98 102 {104 115 | 33 ie 
2) & 32 | | 36| 42) 40 37 | 37} 51 | 78 | 88 | 94 | 97 | 98 | 97 |100 {103 |114 | 32 iH 
1| &> oo fo 35 39 36 | 35 | 50 | 77 | 87 | 93 | 95 | 96 | 95 | 99 101 [113 | 31 op 
9/0 EF 30 | 41 38 34 | 34 | 48 | 76 | 85 | 91 | 94 | 95 | 94 | 98 [100 [111 | 30 ; 
8; 7% 2 | 38} 34 40 37 33 | 32 | 46 | 74 | 84 | 90 | 93 | 94 | 93 | 97 | 99 [110 | 29 } 
7| ® 28 33 36 32 31 | 45 | 73 | 83 | 89 | 92 | 93 | 91 | 96 | 97 109 | 28 ; 
6; 7H 2 | 37| 32 | 39 31 | 29 | 43 | 72 | 82 | 88 | 90 | 92 | 90 | 94 | 96 1108 | 27 f 
5| 76 26 | 38 35 29 | 28| 41 71 | 81 | 87 | 89 | 90 | 88 | 93 | 95 |107 | 26 ) 
4, 7 25 | 36) 31 34 28 | 26 | 40 | 69 | 80 | 86 | 88 | 89 | 87 92 | 93 106 | 25 ; 
3 um | o 30 | 37 | 33. 27 | 25 | 38 | 68 | 78 | 85 | 86 | 88 | 86 | 91 | 92 1104 | 24 i 
lire 2B 36 | 32 | 26 | 23 | 36 | 67 | 77 | 83 | 85 | 87 | 84 | 89 | 90 1103 | 23 S 
0 2 22 | 35| 29 31 | 24 | 22 | 34 | 65 | 76 | 82 | 84 | 86 | 83 | 88 | 89 [102 | 22 i 
9) 7 21 28 | 35 | 30 23 | 20 | 33 | 64 | 75 | 81 | 83 | 84 | 81 | 87 | 88 101 | 21 i 
B| 0 20 | 34 34 | 29 22 19 | 31 | 63 | 74 | 80 | 81 | 83 | 80 | 86 | 86 |100 | 20 ; 
7; @F 19 27 28 20 | 17 | 29 | 62 | 72 | 79 | 80 | 82 | 79 | 85 | 85 | 99} 19 ie 
6; 6 | 18 | 33/ 26 | 33 | 27 | 19 | 16 | 28 | 60 | 71 | 78 | 79 | 81 | 77 | 83 | 84/97) 18 . 
‘| og 17 25 | 18 | 14 | 26 | 59 | 70 | 77 | 78 | 80 | 76 | 82 | 82 | 96| 17 
3) © 7 16 | 32} =| 32 | 26 | 17 | 13 | 24 | 58 | 69 | 76 | 76 | 78 | 74 | 81 | 81 | 95} 16 
4 | 
2 66 15 24 | 31 | 25 | 15 /| 11 | 23 | 56 | 68 | 74| 75/77 | 73 | 80| 80/94) 15 
1; & F 14 | 31] 23 24 14} 10 | 21 | 55 | 66 | 73 | 74 | 76 | 72 | 78 | 78}93| 14 
D| B FT 2B 30 | 23 | 13 | 8 | 19 | 54 | 65 | 72] 73 | 75 | 70| 77 | 77 | 92) 18 
9, @T 22 | 29 22/11/| 71/17 | 53 | 64] 71 | 71 | 74 | 69 | 76 | 76| 91) 12 i 
7) él 11 | 30} 21 21/ 10/ 5/16} 51 | 63 | 70 | 70 | 72 | 68 | 75 | 74/89) 11 
5, © | 20/28/20 9) 4| 14/| 50 | 62 | 69} 69 | 71 | 66 | 73 | 73 | 88| 10 
5; ® F 9 | 29 27/19 8| 2] 12] 49 | 60 | 68 | 68/| 70 | 65 | 72) 71/87) 9 
ii oe 8 19 18| 6| 1) 11 | 47 | 59 | 66 | 66 | 69 | 63 | 71 | 70/| 86| 8 
3, 7 | 28118 | 26/17) 5| 9 | 46 | 58 | 65 | 65 | 68 | 62 | 70) 69 | 85) 7 t 
2} OT 6 25 4 | 7 | 45 | 57 | 64 | 64 | 66 | 61 | 69 | 67 | 84) 6 y 
ei | ¥ 
| SB 5 | 27) 17 16 3 6 | 43 | 56 | 63 | 63 | 65 | 60 | 67 | 66 | 82) 5 | 
») HE 4) 1/16/2415) 1| | 4] 42] 54 | 62| 61 | 64) 58 | 66/65/81) 4 
3 BT 3) 6 14 _ 2/ 41 | 53 | 61 | 60 | 63 | 56 | 65 | 63/80) 3 : 
7 | 52 2) |15| 23 | 13 ' 1 | 40 | 52 | 60 | 50 | 62| 55 | 64| 62/79!) 2 
5) SL 1 | 25) 14 | 22 12 38 | 51 | 58 | 58 | 60 | 54 | 62| 61/78) 1 
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LEFT GRIP STRENGTH OF MALES BY WEIGHT 


Left hand grip strength generally increases with an increase in weight, 
There is little progression in left grip strength up to the interval 90-99 
pounds. A marked acceleration in progression occurs from 90-130 pounds, 
Acceleration is slower, but steady, from 130 to 190 pounds, after whic 
grip strengths level off. Occasional irregularities show up from 69-13) 
pounds. Variability is slight up through the 90-99 pounds interval. It in. 
creases from 100 to 120-129 pounds where the variability is greatest. Wide 
and almost equal variability occurs along with the progression range from 
130 pounds through 210 and up. Males weighing less than 70 pounds haye 
the smallest mean grip strength. 41 pounds, and those weighing 210 pounds 
and up'have the greatest mean grip strength, 126 pounds. Mean grip 
strength and variability for the left hand in relation to weight is much mor 
regular than for either hand with age. Left grip strength in relation to 
weight is consistently lower than right grip strength in this study, and is 
more regular in progression and variability. 


RIGHT GRIP STRENGTH OF MALES BY WEIGHT 


There is a general increase in mean right grip strength with increase in 
weight. Mean grip strength progression is steady with the exception of these 
three irregularities at 100, 110, 120, and a drop at the 200 pounds interval. 
These irregularities may have been caused by the difference in sample size. 
Variability is small up to 90 pounds and wider from 90 to 210 pounds and 
up. The slight irregularities in variability might well be attributed to 
differences in the number of cases. Males weighing less than 70 pounds have 
the smallest mean grip strength, 45 pounds, and those men weighing over 
210 pounds and up have the greatest mean grip strength, 143 pounds. The 
right grip strength in relation to weight shows more irregularity in progres- 
sion and variability than does the left hand grip strength. The right mean 
grip strength of males in relation to weight is from 3-13 pounds greater 
than left hand mean grip strength for every weight group. 


LEFT GRIP STRENGTH OF MALES BY CLASSIFICATION INDEX I 


Left hand grip strength tends to increase with an increase in Classifica- 
tion Index I. There is a plateau with but slight progression in grip strength 
from up to 594-700. From 700-980 and up there is marked and regular in- 
crease in mean grip strength, with the greatest acceleration from 700 t 
875. The left grip strength seems to be approximately equally variable 
from Classification Index of 630 and up. The least variable is the Classifi- 
cation Index interval of up to 594. This interval has the least number of 
cases. The men with the highest Classification Index had the greatest mean 
grip strength, 127 pounds, and the boys with the Classification Index up # 
700 had the lowest mean grip strength, 38 pounds. The left grip strength 
progresses more consistently with Classification Index, which includes age, 
height, and weight, than it does with either age or weight. Left hand gnp 
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WEIGHT 
SCALE ‘ ie SCALE 
SCORE Upto | . SCORE 
Weight, 69 70-9 80-9 90-9 100-9 110-9 120-9 130-9 
90-9 100 73 «85 | 96 | 107 | 123 | 188 | 156 | 158 | 100 
pounds, 99 84 | 95 | 106 | 121 | 136 | 155 | 157 99 
whieh 98 72 94 | 105 | 120 | 135 | 153 | 155 | 98 
69-13) 97 71 83 | 93 | 104 | 119 | 133 | 152 | 154 97 
it; 96 82 | 92 | 102 | 117 | 132 | 150 | 153 96 
. Ih- | 
. Wide 95 70 | 81 | OL | 101 | 116 | 181 | 148 | 151 | 95 : 
ef 94 69 90 | 100 | 115 | 129 | 147 | 150 | 94 P 
se From 93 80 | 89 | 99 | 114 | 128 | 145 | 149 | 93 
ls have 92 68 79 | 88 | 98 | 112 | 126 | 144 | 147 | 92 
pounds 91 67 | 78 | 87 | 96 | 111 | 125 | 142 | 146 91 
in grip 90 77 | 86 | 95 | 110 | 123 | 141 | 145 | 90 i 
h more 89 66 85 | 94 | 108 | 122 | 139 | 143 | 89 4 
ional 88 76 | 84 | 93 | 107 | 120 | 138 | 142 | 88 
87 65 75 83 | 92 | 106 | 119 | 136 | 141 87 ; 
and is 86 64 | 74 | 82 | 90 | 104 | 117 | 134 139 86 ti 
} } 7 
| | 
85 si | 39 | 103 | 116 | 133 138 85 ¥ 
84 63 | 73 | 80 | 88 | 102 | 114 | 131 | 137 84 
83 62 72 | 79 | 87 | 101 | 113 | 130 | 135 83 
contd 82 71 | 7 86 | 99 111 | 128 | 134 | 82 
81 61 77 | 8 | 98 | 110 | 127 | 133 | 81 
of these | 
terval, 80 60 70 | 76 | 83 | 97 | 108 | 125 | 131 80 
le ail 79 69 | 7 | 82 | 95 | 107 | 123 | 130 79 ' 
78 59 68 | 74 | 81 | 94 | 105 | 122 | 129 78 + 
ds and 77 73 | 80 | 93 | 104 | 120 | 127 77 | 
ted to 76 | 58 67 | 72 | 78 | 91 | 102 | 119 | 126 76 4 
is have 75 57 | 66 | 71 | 77 | 90 | 101 | 117 | 125 75 E 
ig over 74 6 | 70 | 7% | 89 | 99 | 116 | 123 74 i 
1s. The 73 56 69 | 75 | 88 | 98 | 114 | 122 73 1 
72 55 O64 | 68 | 74: | 86 | «96 | «113 | 121 72 ¢ 
rogres- 71 63 | 67 | 72 | 85 | 95 | 111 | 119 71 : 
— 70 54 | 62 | 66 | 71 | 84 | 98 | 109 | 118 70 i 
‘ ‘ ) | 5 
Breater 69 53 65 70 | 82 | 92 | 108 | 117 69 i 
68 61 | 64 | 69 | 81 | 90 | 106 | 115 68 4 
67 52 «60 || 63 | 68 | 80 | 89 | 105 | 114 67 ¥ 
66 51 | 59 | 62 | 66 | 78 | 87 | 103 | 113 66 
ssifica- 65 61 | 65 | 77 | 86 | 102 | 111 65 
‘rength 64 50 | 58 | 6 | 6 | 7 84 | 100 | 110 64 be 
63 57 | 59 | 63 | 75 | 838 | 98 | 109 63 if 
ilar in- 62 49 56 | 58 | 62 | 73 | 81 | 97 | 107 62 f 
700 to 61 48 | 57 | 60 | 72 | 80 | 95 | 106 61 4 
. i 
ariable 60 55 | 56 | 59 | 71 | 78 | 94 | 105 60 ' 
lassifi- 59 47 | 54 | 55 | 58 | 68 | 77 | 92 | 103 59 
aber of 58 46 | 53 | 54 | 57 | 68 | 75 | 90 | 102 58 } 
‘ 57 53 | 56 | 67 | 74 | 89 | 101 57 E 
t mean 56 45 | 52 | 52 | 54 | 65 | 72 | 88 | 99 56 . 
x up to } 
-rength 55 44 | 51 | 51 | 53 | 64 | 71 | 86 | 98 55 i 
54 50 | 50 | 52 | 68 | 69 | 8 | 97 54 rf 
les age, 53 43 | 49 | 51 | 61 | 68 | 83 | 95 53 i 
nd grip 52 49 | 48 | 50 | 60 | 66 | 81 | 9 52 
51 42 48 | 47 | 48 | 59 | 65 | 80 | 98 51 
257 
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| WEIGHT 
SCALE SCORE 
‘Upto 69} 7-9 | 809 | 9-9 | 100-9 | 110-9 | 120-9 | 130-9 | 
50 41°| 47 | 4 | 47 | 58 | 68 | 78 | Q1 
49 | 46 | 45 | 46 | 56 | 62 | 77 '| 90 
48 40 | 45 | 55 | 60 | 75 | 89 
47 39 | 45 | 44 | 44 | 5&4 | 59 | 73 | 87 
46 44 | 43 | 42 | 52 | 57 | 72 | 86 
45 38 | 48 | 42 | 41 | 51 | 56 | 70 | 85 | 45 
44 37 41 | 40 | 50 | 54 | 69 | 83 | 44 
43 2 | 4 | 3 | 48 | 53 | 67 | 82 | 43 
42 | 36 | 42 | 39 | 38 | 47 | 51 | 66 | 81 | 42 
41 | 4 | 38 | 36 | 46 50 | G4 79 | 41 
40 | 35 37 | 35 | 45 | 49 | 68 | 78 | 40 
39 | 34] | 3 | 8 | 43 | 47 | 61 77 | 39 
38 $8 | 8 | 33 | 42 | 46 | 50 | 75 | 38 
37 | 33 | a7 | 84 | a2 | 41 | 44 | 88 | C74 | 37 
36 | 32 33 | 30 | 39 | 43 | 56 | 73 36 
| 
35 36 | 32 | 20 | 38 | 41 | 55 | 71 35 
34 31 | 3 | 31 | 28 | 37 | 40 | 53 | 70 34 
33 | 30 | 8 | 30 { 27 | 35 | 38 | 52 | 69 33 
32 2 | 2 | 3% | 37 | 80 | 67 32 
31 | 2 | 33 | 28 | 2% | 33 | 35 | 48 | 66 31 
30 | 98 | a@-| 27 | 23 | 32 | 34 | 47 | 65 30 
29 31 | 26 | 22 | 30 | 32 | 45 | 63 | 29 
28 27 2 | 21 | 29 | 31 | 44 | 62 28 
27 30 | 2% | 2 | 2 | 2 | 42 | 61 | 7 
26 % | 2 | 2 | 18 | 2% | 2 | 41 | 50 | 26 
| | 
25 25 | 2 | 22] 17 | 25 | 26 | 30 | 58 | 25 
24 21 | 16 | 2 | 25 | 38 | 8&7 | 24 
23 24 | 7 | © | 15 | 22 | 2 | 36 | 55 23 
22 3 | 2%} 19 | 14 | 21 | 22] 9 | OB 22 
21 % |i | 12 | © | 20/| 8 | 53 | 21 
20 22 177 | 11 19 | 19 | 81 | Sl 20 
19 7 | 28 | «16:=| «210 /'|«17'|«17'| 8 | Bo 19 
18 3 || 9! 16 | 16| Bi] @ 18 
17 20 | 2} 4) 8/15 | 4 /| @ | 47 | 17 
16 13 6 | 13 | 13 | 2 | 4 16 
15 19 | 21 | 12 5 | 12 | 1 | 2 | 45 15 
14 3/0} n | 4) 10 | 22 | 43 | 14 
13 9 | 10 | 3) 9 8 |. | 42 | 13 
12 17 9 2 s 7119 | 41 12 
11 16 | 18 8 7 5 | 17 | 39 11 
10 17 7 5 4 | 16 | 38 10 
9 | 15 | 16 6 4 2 | 14 | 37 9 
8 | 14 | 18 5 3 1 | 18 | 35 8 
7 4 2 11 | 34 7 
6 | 13 | 14 3 ay ie a 6 
5 13 2 ke 5 
4 12 | 12 1 | 6 | 30 4 
3 ll | 6B | @ | 3 
2 11 | 8 | 2 2 
1 | 10 | 10 | 2 | 26 1 
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—~siemnaiill ———— } 
WEIGHT i 
SCORE SCALE SCORE - . . SCALE SCORE E 
/ 140-9 | 150-9 | 1609 | 1709 | 180-9 | 190-9 | 200-9 | 210 up ' 
ea —_——_—_ | ——__|— | 
0 100 158 | 164 | 174 | 169 | 182 | 179 | 189 | 180 100 
9 99 157 | 163 | 173 | 168 | 181 | 178 | 188 | 179 99 
8 98 155 | 162 | 172 | 167 | 170 | 177 | 186 | 178 98 
7 97 154 160 | 170 | 166 | 178 | 176 | 185 | 177 97 
6 96 153 159 | 169 | 164 | 177 | 174 | 184 | 176 96 
| | 3 
5 95 152 | 158 | 168 | 1683 | 176 | 178 | 183 | 175 95 
4 4 151 | 157 | 167 | 162 | 174 | 172 | 181 | 174 94 ;. 
3 93 149 | 155 | 165 | 161 | 178 | 171 | 180 | 173 93 F 
2 92 148 | 154 | 164 | 160 | 172 | 170 | 179 | 171 92 | 
1 91 147 | 153 | 163 | 159 | 171 | 169 | 178 | 170 91 i 
| } | | 
0 90 146 152 | 161 158 | 169 | 168 | 176 | 169 | 9 
9 89 145 | 150 | 160 | 157 | 168 | 167 | 175 | 168 89 
8 88 144 149 159 155 167 | 166 174 167 88 
7 87 142 | 148 | 157 | 154 | 165 | 165 | 173 | 166 87 
6 86 141 147 | 156 | 153 | 164 | 163 | 171 | 165 86 i 
5 85 140 | 146 | 155 | 152 | 163 | 162 | 170 | 164 85 
4 84 139 | 144 | 153 | 151 | 162 | 161 | 169 | 163 84 i. 
3 83 1388 | 143 | 152 | 150 | 150 | 160 | 167 | 162 83 ' 
2 82 136 | 142 | 151 | 149 | 159 | 159 | 166 | 161 82 5 
1 81 135 | 141 | 149 | 148 | 158 | 158 | 165 | 160 81 
0 80 134 | 139 | 148 | 146 | 156 | 157 | 164 | 159 80 . 
1) 79 133 38 | 147 | 145 | 155 | 166 | 162 | 157 79 
8 78 132 | 137 | 145 | 144 | 154 | 155 | 161 | 156 78 ft 
7 77 130 | 136 | 144 | 143) 162 | 154 | 160 | 155 77 
6 76 129 | 134 | 143 | 142 | 151 | 152 | 159 | 154 76 
5 15 12s | 133 | 141 | 141 | 150 | 61 | 157 | 158 75 
24 74 127 | 132 | 140 | 140 | 149 | 150 | 156 | 152 74 1 
23 73 126 | 131 | 189 | 1380 | 147 | 149 | 155 | 151 73 ; 
22 72 125 | 129 | 187 | 187 | 146 | 148 | 153 | 150 72 . 
21 71 123 | 128 | 136 | 136 | 145 | 147 | 152 | 149 71 
20 70 122 | 127 | 185 | 135 | 148 | 146 | 151 | 148 70 
19 69 121 | 126 | 134 | 134 | 142 | 145 | 150 | 147 69 
18 68 120 | 124 | 182 | 133 | 141 | 144 | 148 | 146 68 
17 67 119 | 123 | 181 | 132 | 140 | 42 | 147 | 145 67 
16 66 117 | 122 | 180 | 131 | 188 | M1 | 146 | 143 66 
15 65 116 | 121 | 128 | 130 | 137 | 140 | 145 | 142 65 
14 64 115 | 119 | 127 | 128 | 1386 | 139 | 143 | 141 64 4 
13 63 114 | 118 | 126 | 127 | 184 | 188 | 142 | 140 63 
12 62 113 | 117 | 124 | 126 | 133 | 137 | 141 | 139 62 i 
11 61 111 | 116 | 128 | 125 | 132 | 136 | 140 | 138 61 
10 60 110 | 114 | 122 | 124 | 181 | 135 | 138 | 187 60 ‘ 
9 59 109 | 113 | 120 | 123 | 129 | 134 | 137 | 136 59 . 
8 58 108 | 112 | 119 | 122 | 1298 | 183 | 136 | 136 58 
7 57 107 | 111 | 118 | 120 | 127 | 181 | 134 | 184 57 
6 56 106 | 109 | 116 | 119 | 125 | 130 | 133 | 138 56 t 
| y 
5 55 104 | 108 | 115 | 118 | 124 | 229 | 132 | 132 55 i 
4 54 103 | 107 | 114 | 117 | 128 | 128 | 131 | 181 54 
3 53 102 | 106 | 112 | 116 | 121 | 127 | 129 | 129 53 
2 52 101 104 | 111 115 | 120 126 | 128 128 52 it 
1 51 100 | 103 | 110 | 114 | 119 | 125 | 127 | 127 51 é 
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60/100 left grip strength scales for males by weight 























WEIGHT 
SCALE SCORE 

140-9 150-9 160-9 170-9 180-9 
50 98 | 102 | 108 | 113 | 118 
49 97 | 101 | 107 | 111 116 
48 96 99 | 106 | 110 | 115 
47 95 98 | 104 | 109 | 114 
46 94 97 | 103 | 108 | 112 
45 92 9 | 102 | 107 | 111 
44 91 94 | 101 | 106 | 110 
43 90 93 99 | 105 | 109 
42 89 92 98 | 104 | 107 
41 88 91 97 | 102 | 106 
40 87 89 95 101 | 105 
39 85 88 94 100 | 103 
38 84 87 93 99 | 102 
37 83 86 91 98 | 101 
36 82 85 90 97 | 99 
35 81 83 89 9% | 98 
34 79 82 87 9 | 97 
33 78 81 86 93 96 
32 77 80 85 92 94 
31 76 78 83 91 93 
30 75 77 82 90 92 
29 73 76 81 89 90 
28 72 | 75 | 79 | 88 | 89 
27 71 73 78 87 | 88 
26 70 72 77 86 87 
25 69 71 75 84 | 85 
24 68 79 74 73 | 84 
23 66 68 73 s2 | 83 
22 65 67 71 81 | 81 
21 64 66 70 80 | 80 
20 63 65 69 79 | 79 
19 62 | 68 | 68.|. 78 | 78 
18 60 62 66 76 | 76 
17 59 61 65 75 | 75 
16 58 60 64 74 | 74 
15 57 58 62 3 | 7 
14 56 57 61 72 | 71 
13 54 56 60 71 70 
12 53 55 58 70 68 
11 52 53 57 69 | 67 
10 51 52 56 7 66 
9 50 51 54 66 65 
8 48 50 53 65 63 
7 47 48 52 64 | 62 
6 46 47 50 63 | 61 
5 45 46 49 62 59 
4 44 45 48 61 | 58 
3 43 43 46 60 57 
2 41 42 | 45 58 | 56 
1 40 41 44 
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60/100 right grip strength scales for males by weight 




















: WEIGHT 
LE SCORE SCALE SCORE $j — — SCALE SCORE 
Upto 69 70-9 | 80-9 | 90-9 | 100-9 | 110-9 | 120-9 | 130-9 | 

50 100 82 87 | 100 | 120 | 182 | 133 | 167 | 168 | 100 

49 99 86 99 | 119 | 131 | 132 | 164 | 167 | 99 

48 98 81 98 | 117 | 130 | 131 | 164 | 165 | 98 

47 97 80 85 | 97 | 116 | 128 | 129 | 162 | 164 | 97 

46 96 79 | 84 | 96 | 115 | 127 i 160 «| 163 96 

| | | 

45 95 95 | 114 | 126 | 127 | 159 | 161 | 95 i 
44 94 78 83 | 94 | 112 | 124 | 125 | 157 | 160 | 94 

43 93 77 | 82 | 98 | 111 | 128 | 124 | 156 | 158 | 93 

42 92 92 | 110 | 122 | 128 | 154 | 157 92 

41 91 7681 91 | 108 | 121 | tat (152 | 156 91 

40 90 75-80 107 | 119 | 120 | 151 | 154 90 

39 89 74 90 106 | 118 | 119 | 149 153 | 89 

38 88 79 89 | 105 | 117 | 117 | 148 | 152 | 88 

37 87 73 78 | 88 | 103 | 115 | 116 | 146 | 150 87 

36 86 72 87 | 102 | 114 115 145 | 149 86 

35 85 71 | 77 | 86 | 101 | 143 | 113 | 143 | 147 | 85 

34 84 76 | 85 | 99 | 111 | 112 | 141 | 146 84 

33 83 70 84 98 | 110 | 111 | 140 | 145 83 

32 82 69 75 | 88 | 97 | 109 | 109 | 1388 | 143 82 

31 81 68 74 | 82 | 95 | 107 | 108 | 137 | 142 | 81 it 
30 80 73 81 94 | 106 | 107 | 135 | 141 80 i 
29 79 67 80 | 93 | 105 | 105 | 133 | 139 79 if 
28 78 66 72 | 79 | 92 | 104 | 104 | 132 | 138 78 

27 77 65 71 | 78 | 90 | 102 | 103 | 130 | 136 77 

26 76 77 | 89 | 101 | 101 | 129 | 135 76 } 
25 75 64 | 70 | 76 | 88 | 100 | 100 | 127 | 134 7 
= 74 63 | 69 | 7% | 86 | 98 | ” im | = a ; 

73 62 85 | 97 | 

2 72 68 | 74 | 84 | 96 | 96 | 122 | 130| 72 
21 71 61 | 67 | 73 | 82 | 94 | 95 | 121 | 128 | 71 
20 70 60 72 | st | 93 | 98 |u9 | 127] 2 

19 69 59 | 66 | 71 | 80 | 92 | 92 | 118 | 125 | 69 

18 68 6 | 70 | 79 | 90 | 91 | 116 | 124 68 

17 67 58 69 77 | 89 | 89 | 114 | 123 | 67 

16 66 57 | 64 | 68 | 76 | 88 | 88 | 113 | 121 | 66 

| 

15 65 56 | 63 | 67 | 75 | 86 | 87 | 111 | 120) 65 

14 64 66 | 73 | 85 | 85 | 110 119 | 64 

13 63 55 6 62 | «65 | 72 | 84 | 84 | 108 | 117 | 63 t 
12 62 54 61 | 64 | 71 | 83 | 83 | 107 | 116 62 f 
ll 61 | 68 | 70 | 81 | 81 | 105 | 114 | 61 . 
10 60 53 62 | 68 | 80 | 80 | 103 | 113 | 60 i 
9 59 52 | 59 | 61 | 67 | 79 | 79 | 102 | 112 | 59 F 
8 58 51 60 | 66 | 77 | 77 | 100 | 110 58 5 
7 57 64 | 76 76 | 99 | 109 | 57 
6 56 50 | 57 | 59 | 63 | 75 | 7% | 97 | 108 56 t 
5 55 49 58 | 62 | 73 | 73 | 9 | 106 | 55 

4 54 48 | 56 | 57 | 60 | 72 | 71 | 94 | 105 | 54 

3 53 55 | 56 | 50 | 71 | 70 | 92 | 103 | 53 

: 52 47 55 | 58 | 69 | 69 | 91 | 102 52 

1 51 46 54) 54 | 57 | 68 | 68 | 89 | 101 | 51 














60/100 right grip strength scales for males by weight 





WEIGHT 

















SCALE SCORE se 

Up to69| 70-9 | 80-9 | 90-9 | 100-9 | 110-9 
50 45 | 53 | 53 | 55 | 67 | 66 
49 52 52 | 54 65 65 
48 44 51 | 53 64 64 
47 43 51 50 | 52 | 63 | 62 
46 42 | 50 | 49 | 50 | 62 61 

| 
45 48 | 49 | 60 | 60 
44 41 49 | 47 | 47 | 5&9 | 58 
43 40 | 48 | 46 | 46 | 58 | 57 
42 39 45 | 45 | 56 | 56 
41 47 | 44 | 55 | 54 
| j 

40 38 | 46 | 44) 43 | & | 83 
39 37 43 | 41 | 52 52 
38 36 | 45 | 42 | 40 | 5i 50 
37 44 | 41 39 | 50 | 49 
36 35 40 37 | 48 48 
35 34 43 | 39 | 36 47 46 
34 33 | 42 | 38 | 35 | 46 | 45 
33 37 | 33 | 45 | 44 
32 32 | 41 36 | 32 | 43 42 
31 31 ‘| 40 35 | 31 | 42 | 41 
30 | 30 | 84 | 30 | 41 | 40 
29 30 | 33 28 | 39 38 
28 2 | 88 | 3 | 27 | 38 | 37 
27 28 | 31 | 2 37 | 36 
26 37 30 | 24 35 34 
25 27 | 3% | 2 | 23 | &/| 8 
24 26 | 22 33 32 
23 2 | 3% | 2 | 20 | 31 | 30 
22 3 6| 27 | «19 30 | 29 
21 24 | 33 | 2% | 18 | 2 | 28 
20 23 2% | 17 | 27 | 2% 
19 22 | 82 | 24.) 15 | 06 | 25 
18 31 23 | 14 25 | 24 
17 21 2 | 13 | 2 | 2 
16 0) Oi Min | 2 | 2a 
15 19 | 2 | @ | 10 21 | 20 
14 19 | 9 20 | 18 
13 es 22 ee eee eee t 
12 7,2) W| 6 | 17 16 
11 16 | 6 | 5 16 14 
10 | 216] 4{\|/ui ts 
9 15 | 25 mi +3 {i 1 12 
8 14 | 2a a 10 
7 13 | 24 3 10 9 
6 2 12 | oe) 
5 12 | HM | 8 6 
4 41 | 22 | 20 | 7 5 
3 10 | 21 9 | 5 4 
2 8 4 2 
1 9 | 7 | 3 1 
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SCALE SCORE 

30-9 
99 50 
98 49 
97 48 
95 47 
94 46 
92 45 
91 44 
90 43 
88 42 
87 41 
85 40 
84 39 
83 38 
81 37 
80 36 
7 35 
77 34 
76 33 
74 32 
73 31 
72 30 
70 29 
69 28 
68 27 
66 26 
65 25 
63 24 
62 23 
61 2 
59 21 
58 20 
57 19 
55 18 
54 | 17 
52 16 
51 15 
50 14 
48 13 
47 12 
46 il 
44 10 
43 9 
41 8 
40 7 
39 | 6 
37 | 5 
36 | 4 
35 | 3 
33 2 

1 


| 

















60/100 right grip strength scales for males by weight 









































WEIGHT 
— ' SCALE SCORE 
SCORE 140-9 | 150-9 | 160-9 | 170-9 | 180-9 | 190-9 | 200-9 | 210 up 
—— —~ — | ——-—— | ---——— } sintealiel 
a 100 165 177 187 183 199 187 | 188 | 200 100 
99 164 176 | 185 | 182 | 197 197 | 186 | 187 | 199 99 
98 163 174 | 184 181 | 185 | 196 | 198 98 
97 162 | 173 | 182 | 194 184 | 185 | 197 97 
96 160 172 181 178 193 183 184 196 96 
: 95 1569 | 170 | 180 | 177 | 192 | 182 | 183 | 194 95 : 
: 94 158 | 169 | 178 | 176 | 190 | 181 | 182 | 198 94 > 
3 93 157 168 | 177 | 175 | 189 | 180 | 181 | 192 93 
92 156 | 167 | 176 | 174 | 187 | 179 | 179 | 191 92 
: 91 155 | 165 | 174 | 173 | 186 | 178 | 178 | 190 91 
| 90 153 164 173 171 | 184 177 177 189 90 
! 89 152 | 163 | 172 | 170 | 188 | 176 | 176 | 188 89 
. 88 151 161 170 | 169 | 182 | 175 | 175 | 186 88 
. 87 150 160 | 169 | 168 | 180 | 174 | 174 | 185 87 i 
| 86 149 | 159 168 166 | 179 | 1738 | 173 | 184 86 
| 
, 85 148 | 158 | 166 | 165 | 177 | 172 | 172 | 183 85 
: 84 146 156 165 164 | 176 171 171 182 84 
. 83 145 | 155 | 164 | 163 | 174 | 170 | 170 | 181 83 f 
82 144 | 154 | 162 | 162 | 173 | 169 | 168 | 180 82 
. 81 143 | 152 | 161 161 | 172 | 168 | 167 | 179 81 . 
| 80 142 | 151 | 160 | 160 | 170 | 167 | 166 | 177 80 
| 79 141 150 | 158 | 159 | 169 | 166 | 165 | 176 79 
. 78 139 | 149 | 157 | 158 | 167 | 165 | 164 | 175 78 : 
} 77 1388 | 147 | 155 | 156 | 166 | 164 | 163 | 174 77 
, 76 137 146 | 154 | 155 | 165 | 163 | 162 | 173 76 
| 
: 75 136 | 145 | 153 | 154 | 163 | 162 | 161 | 172 75 : 
| 74 135 | 143 | 151 | 153 | 162 | 161 | 160 | 171 74 i 
. 73 134 142 | 150 | 152 | 160 | 160 | 158 | 169 73 
‘ 72 132 | 141 149 | 151 | 159 | 159 | 157 | 168 72 
71 131 139 | 147 | 150 | 157 | 158 | 156 | 157 71 : 
| 7 | 130 | 138 | 146 | 148 | 156 | 157 | 155 | 166 | 70 
| 69 129 | 137 | 145 | 167 | 155 | 156 | 154 | 165 69 i 
! 68 128 | 136 | 1483 | 146 | 153 | 155 | 153 | 164 68 
. 67 127 134 | 142 | 145 | 152 | 154 | 152 | 163 67 
| 66 126 133 | 141 144 | 150 | 153 | 151 | 161 66 ; 
a 
: 65 124 132 | 139 | 143 | 149 | 152 | 150 | 160 65 ; 
| 64 123 130 | 138 | 141 | 148 | 151 | 148 | 159 64 i 
: 63 122 129 | 137 | 140 | 146 | 150 | 147 | 158 63 i 
: 62 121 128 | 135 | 189 | 145 | 149 | 146 | 187 62 ( 
| 61 120 | 127 | 134 | 1388 | 143 | M8 | 14 | 156 61 f 
| 60 119 | 125 | 133 | 187 | 142 | 147 | 144 | 155 60 i 
. 59 117 124 131 136 | 140 | 146 | 143 | 154 59 $ 
| 58 116 123 | 130 | 135 | 139 | 145 | 142 | 182 58 
: 57 115 | 121 128 | 133 | 1388 | 144 | 141 | 161 57 
| 56 114 120 | 127 | 182 | 136 | 148 | 140 | 150 56 ' 
: 55 113 119 | 126 | 181 | 185 | 142 | 139 | 149 55 
| 54 112 118 | 124 | 130 | 133 | 141 | 137 | 148 54 
. 53 110 | 116 | 123 | 129 | 1382 | 140 | 136 | 147 53 . 
, 52 109 | 115 | 122 | 128 | 131 | 189 | 135 | 146 52 
| 51 108 | 114 | 120 | 126 | 129 | 188 | 134 | M44 | 51 
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60/100 left grip strength scales for males by C. I. 


















































~ a | 
CLASSIFICATION INDEX 
E SCORE SCALE SCORE . . SCALE SCORE 
Up to'594 | 595-629 | 630-664 | 665-699 | 700-734 | 735-769 | 770-804 
50 100 83 | 100 | 9% 102 121 | 129 100 
49 99 58 s2 | 99 | 94 | 101 | 120 | 128 99 
48 98 97 | 93 100 | 118 | 126 98 
47 97 81 | 9 | 92 98 117 | +125 97 
46 96 57 80 | 9 | 91 97 116 | 123 96 
45 95 79 | %% | 90 96 114. | #122 95 
44 94 56 78 | 88 | = 95 113 |. 121 94 
43 93 | 91 | 88 94 112 | 119 93 
42 92 | 97 9 | 87 93 110 | 118 92 
41 91 55 76 | «689 | | 85 91 109 | 116 91 
| 
40 9 | 75 | 88. | 90 108 | 115 90 
39 so «| «COB 74 | 5ae--| ae 89 106 | 113 89 
38 88 73 8 | 82 88 105 112 88 
37 87 s | st | gz (| «(104 | 4 87 
36 86 53 72 83 80 8 | 102 | 109 86 
| | | 
35 85 71 81 | 79 | 8 | 101 | 108 85 
34 84 52 70 | 80 | @ 83 100 | 106 84 
33 83 69 79 77 82 98 | 105 83 
32 82 oe | "%.) ee 81 97 | 104 82 
31 $1 | «(51 | 7% | % 80 9 | 102 81 
} | | 
30 80 67 | ae ae 78 94 | 101 80 
29 7 | 5&8 66 4 «| 8 77 9 | 99 79 
28 3 (| 65 | 7 71 76 «| «92 «| «C8 78 
27 77 6 | PUL Bee 75 | 90 | 97 77 
26 76 49 63 | 70 | 6 | 7% 89 | 9 , 76 
25 m 69 68 72 | 88 | 94 75 
24 ma 6 26| «48 62 | 68 67 71 | 8 | 9% 74 
2B 73 61 | 66 | 66 70 | 85 91 73 
22 72 47 60 65 | 65 69 | 84 90 72 
21 71 59 | 64 64 | 68 | 82 88 71 
| | } | 
20 7 | 58 | 63 | 63 67 | 81 | 8&7 70 
19 69 46 61 | 62 6 | 80 85 69 
18 68 57 60 | 60 64 6| «(78 84 68 
17 67 45 56 6C«<‘(|‘(‘i‘éz kD |lCD 68) 7 | 8 67 
16 6 SC 55 58 | 58 | 62 | 7% | 81 66 
15 65 54 56 57 | 61 7 «| 8 65 
14 @ | (44 53 55 | 56 | 59 73. | 78 64 
13 | 54 55 | 58 eS [A 63 
12 62 43 52 53 | 5&4 57 70 75 62 
il my 51 51 | 88 56 69 74 61 
10 60 50 50 | 52 55 | lO68 73 60 
9 59 42 49 49 51 54 66 71 59 
8 58 8 | 48 49 52 65 | 70 58 
7 57 41 | 46 48 51 64 68 57 
6 56 47 |. 45 | 47 50 62 67 56 
5 55 46 44 | 46 49 61 | 66 55 
4 54 40 45 43 45 48 59 64 54 
3 53 44 41 | 44 46 58 | «63 53 
2 52 39 43 40 | 43 45 57 | 61 52 
1 51 39 | 42 | 44 55 60 5i 
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60/100 left grip strength scales for males by C. I. 
















































CLASSIFICATION INDEX 
SCALE SCORE 
Up to 594 | 595-629 630-664 665-699 700-734 735-769 770-804 
50 42 | “41 43 54 | 58 50 
49 38 41 36 | 40 42 53 | 87 49 
48 40 35 | 39 41 51 | (86 48 
47 37 39 34 | #38 39 50 |OB4 47 
46 24) 708 38 49 | 88 46 
| 
45 26 38 32 | 35 37 47 | 651 45 
44 37 30 | 34 36 46 | 50 44 
43 36 29 | 33 35 45 49 43 
42 35 35 Se 34 43 | 47 42 
41 34 | ot 32 42 46 41 
40 34 25 30 31 41 | 44 40 
39 33 24 29 30 39 43 39 
a 32 23 28 29 38 | 42 38 
37 33 31 22 27 28 37 40 37 
36 30 20 26 2% | 35 39 36 
35 32 29 19 24 25 | 34 37 35 
34 18 23 2% | 3 36 34 
33 28 17 22 23 31 35 33 
32 31 27 15 21 22 30 33 32 
31 26 14 20 21 29 32 31 
30 30 25 13 19 19 a | 30 30 
29 | 2 12 18 18 % | 2 29 
28 10 17 17 25 27 28 
27 29 23 9 16 16 23 | 26 27 
26 22 S af as 15 = | 26 
25 28 21 7 14 13 2 #6| 2 25 
24 20 5 12 12 19 22 24 
23 27 19 ‘4 383 il 18 20 23 
22 3 10 10 17 19 22 
21 18 2 9 9 15 18 21 
= | 386 17 1 8 8 | 14 16 20 
19 16 7 eae 15 19 
18 | 2 | 18 6 5 11 13 18 
17 | 5 4 10 12 17 
16 14 4 3 9 ll 16 
15 24 13 3 Oi 1 488 9 15 
14 12 2 ; coe 8 14 
13 23 11 1 = 6 13 
12 10 |. nan 5 12 
il 9 be 3 1 
| | 

10 22 aa 2 10 

9 8 1 9 

8 21 7 | 8 

7 6 7 

6 5 | 6 

5 20 5 

4 4 4 

3 19 3 | | 3 

2 2 2 

1 1 | | 1 












































































60/100 left grip strength scales for males by C. I. / 
CLASSIFICATION INDEX f 
| 805-839 «840-874 | 875-909 | 910-944 | 945-979 | 980. and up 
50 0 0S |_Ss145 156 162 - 181 191 100 ) 
49 99 | 143 155 ms 4 4 180 190 99 
48 6 | 142 154 159 | 167 179 188 98 
47 97 | 140 152 158 166 177 187 97 
46 96 139 151 157 | (164 176 186 96 
45 95 138 150 156 163 175 185 95 ; 
44 94 136 | 148 155 162 174 183 94 4 
43 93 135 | 147 154 161 173 182 93 F 
42 92 133 146 153 160 171 181 92 ; 
41 91 132 144 151 | 159 170 179 91 : 
| + 
op 131 143 150 | (157 169 178 90 
39 89 129 142 149 156 168 177 89 
38 88 128 141 148 155 166 176 88 é 
37 87 126 139 147 154 | «165 174 87 ; 
36 | 86 125 138 146 153 164 173 86 : 
35 85 124 137 145 152 163 172 85 
34 84 | 122 135 143 151 162 170 84 
33 83 121 134 142 149 160 169 83 
32 82 119 133 141 148 159 168 82 
31 81 118 131 140 147 158 167 81 
30 80 | 116 130 139 146 157 165 80 
29 79 | 115 129 138 | 145 156 164 79 
28 78 | 114 127 136 144 154 163 78 
27 77 | 112 126 | 135 143 153 161 77 
26 76 | 11 125 | 134 141 152 160 76 
25 75 | 109 124 133 140 151 159 75 
24 74 | 108 122 132 139 150 158 74 
23 73 | 107 121 131 138 148 156 73 
pa 72 | 105 120 130 137 147 155 72 
21 71 | 104 118 128 136 146 154 71 
20 = | 117 127 134 145 152 70 f 
19 69 101 116 | 126 132 143 151 69 ie 
18 68 100 114 | 125 132 142 150 68 
17 67 98 113 | 124 131 141 148 67 
16 6 | 97 112 | 123 130 140 | 147 66 
15 65 | 95 110 122 129 139 146 65 
“4 4 64 |. 94 109 120 128 137 145 64 
3 4 63 | 93 108 119 126 136 143 63 
12 62 | 91 107 118 125 135 142 62 
11 61 | 90 105 | 117 124 134 141 61 
10 60 88 104 | 116 123 133 | 139 60 3 
9 59 87 103 | 115 122 131 138 59 
- 58 85 101 113 121 130 | (137 58 Fi 
7 57 | 84 100 112 120 129 | 136 57 : 
6 56 83 99 111 118 128 | 134 56 ; 
| : 
5 55 81 97 | 110 117 127 | 133 55 
4 54 80 96 109 116 125 |. 182 5A 
3 53 78 95 108 | 115 124 130 53 
2 52 77 9 | 107 | 114 | 123 | 120 52 
1 51 76 92 | 10 | 113 | 122 | 128 51 








267 













































































Lan senna — 
| 60/100 left grip strength scales for males by C. I. 
na ——————_@ 
CLASSIFICATION INDEX | 
I a it el ie ee, 
805-839 840-874 875-909 910-944 | 945-979 980 and up 
50 74 2 | 14 | 111 120 | 127 50 
49 73 89 103 | 110 119 | 125 49 
48 71 88 102 | 109 18 | 124 48 
47 70 87 101 108 117 | 123 47 
46 69 86 100 107 11606} «121 46 
45 67 84 99 106 114 120 45 
44 66 83 97 104 113 119 44 
43 64 82 96 103 112 118 43 
42 63 80 95 102 111 116 42 
41 62 79 94 101 110 115 41 
40 60 78 93 100 108 114 40 
39 59 76 92 99 107 112 39 
38 57 75 90 98 106 111 38 
37 56 74 89 97 105 =| Ss 37 
36 54 72 gs | 965 104 109 36 
35 53 71 s7 | 94 102 107 35 
34 52 70 8 | 93 101 106 34 
+ 33 50 69 8 | 92 100 105 33 
' 32 49 67 84 91 99 103 32 
i 31 47 66 82 90 98 102 31 
30 46 65 LOS Se % | 101 30 
7 29 45 63 80 | 87 9% | 99 29 
| 28 43 62 79 86 94 | 98 28 
a 27 42 61 78 85 9% | 97 27 
- 26 40 59 77 84 91 | 9% 26 
PP i 
P34 25 39 58 3S + @ ) ee) oe 25 
i 24 38 56 = ee ee we 24 
d i 23 36 55 73 | 80 | 88 92 | 23 
it 22 35 54 nS eS 4 oe 9 | 22 
. 21 | 633 53 71 78 | 85 89 21 
: | 
i 20 | 32 51 70 77 | & 88 20 
: 19 30 50 69 76 83 ee 19 
18 29 49 67 75 82 85 | 18 
17 | 28 48 | 66 "|. 41 84 17 
16 | 26 46 65 nm is 83 16 
15 25 45 “. S| ey 15 
14 23 44 S| &@ | B | ®@ 14 
13 22 42 62 69 76 79 13 
12 21 41 61 | 68 75 78 12 
11 =” ee ee | 73 76 ll 
10 18 so | 58 | 6 | 72 
9 16 37 &7 | (4 71 
8 15 36 56 63 70 
| 7 14 34 55 | 62 68 
6 12 33 4M | 61 | 6 
; } 
5 il 32 53 | 60 | 66 
4 9 31 51 59 65 
i 3 8 29 an ny 64 Cid 
i 2 7 28 49 56 62 | 
1 5 27 48 55 61 
i 268 
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60/100 right grip strength scales for males by C. I. 
































: | a H 
CLASSIFICATION INDEX b 
LE SCORE SCALE SCORE | SCALE SCORE 4 
| Up to 594 595-629 | 630-664 665-699 | 700-734 735-769 | 770-804 | 
50 10 «8=| «69 87 | 98 103 114 | 125 | 136 100 
49 99 86 | 97 102 113 124 | 135 99 
48 98 68 8 | 96 101 111 | 123 | 134 98 | 
47 7 OC 84 | 95 100 110 | 121 | 132 97 
46 96 67 83 | 94 98 109 | 120 | 131 96 
| 
45 95 98 97 107 19 =| «129 95 
44 4 | 66 82 | 92 96 106 117 | 128 94 , 
43 93 CO gi | 91 95 105 1146 | 127 93 
42 9 | 65 80 | 90 | 94 104 115 | 125 92 | 
41 | 79 | 8 | 98 102 113. | «124 91 
40 90 | 64 88 | 92 101 112s «128 90 
39 89 78 87 91 100 111 | 121 89 
38 8 | 63 77 86 90 99 109 | 120 88 
37 87 76 | 85 89 97 108 | 118 87 
36 s | 62 75 84 | 87 96 07 | 7 86 
35 85 74 | 83 | 86 95 105 | 116 85 
34 s 6| (61 82 | 85 93 104 114 84 
33 83 73 81 84 92 103 | 113 83 
32 s2 | 60 72 80 | «83 91 101 | 112 82 
31 81 71 78 82 90 100 | 110 81 
30 9 | 59 70 7 | #8 88 99 | 109 
29 79 CO 69 76 | 80 87 97. | 107 79 
28 78 58 | 7g) ae 86 9% | 106 78 
27 | 68 4 | 78 85 4 | 105 i 
26 76 02C«|«Cté«#S7 (1.798 ae 83 93 103 76 j 
} f 
25 15 6 72 75 82 92 | 102 75 
24 74 56 65 71 74 81 9 | 100 74 t 
23 73 70 73 80 89 | 99 73 ii 
22 72 55 64 69 72 78 88 | 98 72 
21 71 63 68 71 77 8 | 6 71 Fy 
20 70 54 62 67 70 76 85 | 95 70 b 
19 69 61 66 69 74 84 | 93 69 
18 68 53 60 65 68 73 82 92 68 «4 
17 67 | 64 67 72 81 91 67 f 
16 66 52 59 63 65 71 80 89 66 Fi 
t 
15 65 58 | 62 64 69 78 88 65 } 
14 64 51 57 | «(61 63 68 77 87 64 i 
13 63 56 60 62 67 76 85 63 | 
12 62 50 55 59 61 66 74 84 62 
ll 61 57 | (60 64 73 83 61 
10 60 49 54 (| «(C56 CU] 63 72 81 60 
9 59 53 | 55 | 58 62 70 80 59 ; 
8 58 48 52 54 | O57 60 69 78 58 
7 57 51 53 56 so | 6 | 7 57 
6 56 47 52 55 58 66 | 76 56 i 
5 55 50 51 53 57 65 | #74 55 
4 54 46 49 5O | 652 55 64 73 54 
3 53 48 49 51 | 54 62 72 | 63 
2 52 45 47 48 50 53 61 | 70 | 82 
i 51 46 47 49 52 60 69 (Bl 
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6/100 right grip strength scales for males by C. I. 






























CLASSIFICATION INDEX 
SCALE SCORE 
Up to 594| 595-629 | 630-664 | 665-699 | 700-734 | 735-769 | 770-804 
| | 
50 44 4 | 48 | 50 58 68 50 
49 45 45 47 49 57 66 49 
48 43 44 44 46 48 56 65 48 
47 43 43 45 47 54 63 47 
46 42 42 42 | 44 45 53 62 46 
45 4. | 42 | 44 52 61 “o 
es i* |e\sisie)3|s | sm 
43 
42 40 39 3 | 39 | 40 48 56 42 
41 38 36 | «(38 | 39 46 55 41 
SPT iRli gl sia s| a 
| } 39 ; 
38 38 a 33 35 | 35 “2 st 38 
34 | 34 4 37 
36 37 34 =) 33 39 48 36 
35 33 30 31 | 31 38 47 35 
29 
32 35 31 27 S| OS 34 43 32 
31 30 26 27 | 2% 33 41 31 
| 
28 33 3 | 4 | 2 | 29 | 37 28 
27 27 22 3 | 21 27 36 27 
26 32 26 21 22 | 2 26 34 26 
25 25 2 -) 33 | 19 25 33 25 
ma |. | si] iiis | i | 2 | o | @ 
is | 16 
22 30 17 7 | 6 | 2 | 29 22 
21 22 15 | 16 13 19 28 21 
20 29 21 14 | 15 12 18 26 20 
19 20 13 | 14 11 17 2 .| 
18 28 19 12 | 13 10 15 23 18 
17 4 a3 8 14 22 “7 
16 27 18 10 | i 7 12 21 16 
15 17 9 | 10 6 11 19 15 
14 26 16 ant 8 5 10 18 14 
13 15 a eS 3 9 17 13 
12 25 14 6 6 2 7 15 12 
11 5 5 1 6 14 i 
10 24 13 4 4 5 12 10 
9 12 3 4 3 ll 9 
8 23 11 2 2 | 2 10 8 
7 10 | ee} 1 s 7 
6 22 7 6 
5 9 6 5 
4 21 8 4 4 
3 7 3 3 
2 20 6 1 2 
1 5 | 1 
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60/100 right grip strength scales for males by C. I. 






































: CLASSIFICATION INDEX 
CALE 86 SCALE SCORE SCALE SCORE 
| 805-839 840-874 | 875-909 | 910-944 | 945-979 | 980 and up 
50 100 | 151 | 164 167 180 194 210 100 
49 99 | 149 162 166 178 192 208 99 
48 98 | 148 161 | 165 177 191 207 98 
47 97 | 147 160 | 164 176 190 206 97 
46 : 96 | 145 | 159 | 163 175 189 204 96 
4 95 | 144 | 187 | 162 174 187 203 95 
4 94 | 142 | 156 161 173 186 202 94 
43 93 | 141 155 159 171 185 200 93 
42 92 | 140 | 154 158 170 184 199 92 
41 91 | 138 | 1652 157 169 182 198 91 
0 o | 137 | 188 156 168 181 197 90 
39 89 | 135 150 155 167 180 195 89 
38 88 | 134 148 154 166 179 194 ws 
37 87 | 133 | 447 153 164 177 193 87 
36 86 | 131 146 152 163 176 191 86 
35 : 85 130 145 | 150 162 175 190 85 
34 84 128 143 | 149 161 174 189 S4 
33 83 | 127 142 | 148 160 172 187 83 
32 82 | 126 1441 | 147 159 171 186 82 
31 81 | 124 140 | 146 157 170 185 81 
30 80 123 | 188 | 145 156 169 183 80 
29 79 121 137 | 144 155 167 182 79 
28 78 | 320 | 136 | 148 154 166 181 78 
ag 77 119 134 | 141 153 165 179 77 
26 76 117 133 | 140 151 164 178 76 
25 75 116 | 132 139 150 162 177 75 
24 74 114 | 181 138 149 161 175 74 
23 73 113 129 137 148 160 174 73 
22 72 112 128 136 147 159 173 72 
21 71 110 127 135 146 157 171 71 
20 7 | 109 126 134 144 156 170 70 
19 69 107 124 133 143 155 169 69 
18 68 106 123 131 142 153 167 68 
27 67 | 105 122 130 | 141 152 166 67 
16 66 | 103 120 129 140 151 165 66 
15 65 102 119 128 138 150 163 65 
4g 64 | 100 118 127 137 149 162 64 
13 63 99 117 126 136 147 161 63 
12 62 98 115 125 135 146 159 62 
i 61 6 114 124 134 145 158 61 
10 60 | 95 113 122 133 144 157 60 
9 59 | 93 112 121 132 142 155 59 
8 58 92 110 120 130 141 154 58 
7 57 9] 109 119 129 140 153 57 
6 56 | 89 108 118 128 139 151 56 
5 55 88 106 117 127 137 150 55 
4 54 86 105 116 126 136 149 54 
3 53 85 104 115 125 135 147 53 
2 52 84 103 | —s(118 123 134 146 52 
1 51 82 ink 6] le 122 132 | 145 51 
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60/100 right grip strength scales for males by C. I. 





CLASSIFICATION INDEX 








SCALE SCORE 
805-839 

50 81 
49 80 
48 78 
47 77 
46 75 
45 74 
44 73 
43 71 
42 70 
41 68 
40 67 
39 66 
38 64 
37 63 
36 61 
35 60 
34 59 
33 57 
32 56 
31 54 
30 53 
29 52 
28 50 
27 49 
26 47 
25 46 
24 45 
23 43 
22 42 
21 40 
20 39 
19 38 
18 36 
17 35 
16 33 
15 32 
14 31 
13 29 
12 28 
11 26 
10 25 
9 24 
8 22 
7 21 
6 19 
5 18 
"4 17 
3 15 
2 14 
1 12 
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840-874 875-909 | 910-944 945-979 | 980 and up 
100 111 121 131 143 
99 110 120 130 142 
98 109 119 | 129 141 
96 108 118 | 127 139 
95 107 116 | 126 138 
} 
94 106 115 | 125 137 
92 104 114 | 124 135 
91 103 113 |) «122 134 
90 102 112 121 133 
89 101 111 | 120 131 
| 
87 100 109 | 119 130 
86 99 108 | 117 129 
85 98 107 | 116 127 
84 97 106 | 115 126 
82 96 105 | 114 125 
81 94 104 | 112 123 
80 93 | 102 lll 122 
78 92 | 101 | 110 121 
77 91 | 100 | 109 119 
76 9 | 9 | 107 118 
75 89 98 106 117 
73 s | 97 105 115 
72 87 | 9% 104 114 
71 85 94 102 113 
70 84 9% | 101 111 
68 83 92 100 110 
67 82 91 99 109 
66 81 89 | 97 107 
64 80 -— to 106 
63 7 | «(87 | 95 105 
62 78 86 | 94 103 
61 76 8 | 92 102 
59 75 8 | 91 101 
58 74 | §82 | 90 99 
57 | te | 98 
| 

56 72 80 87 97 
54 71 79 | 86 95 
53 70 m | oe 94 
52 69 77 84 93 
50 i a 91 
_ 49 66 74 81 90 
48 = | @ 80 89 
47 a4 | 72 79 87 
45 6 | 71 77 86 
44 62 | 69 76 85 
43 61 68 75 83 
42 60 67 73 82 
40 59 66 72 81 
39 57 65 71 79 
38 56 7 78 
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strength is not as consistent as the right hand grip strength as it progresses 
through the Classification Index intervals. 


RIGHT GRIP STRENGTH OF MALES BY CLASSIFICATION INDEX I 


Right hand mean grip strength tends to increase with an increase in 
Classification Index I. There is slight progression in mean grip strength 
from up to 594 through the interval 700-734. Beyond this last interval 
there is marked and regular acceleration on through 980 and up. The lowest 
mean grip strength, 44 pounds, is in the lowest Classification Index group, 
up to 594, and the greatest mean grip strength, 143 pounds, is in the highest 
interval, 980 and up. Right hand grip strength variability is regular through 
the complete Classification Index range from up to 594 through 980 and up. 
Variability is smal! from up to 594 to 665, after which it increases a little 
and remains fairly equal throughout the range 665 through 980 and up. 
The least variable is the Classification Index group of up to 594. By com- 
parison the variability in grip strength from Classification Index 700-734 
through 980 and up is the smoothest of all the profiles. 


Summary and Conclusions 


1. Age, weight, and Classification Index I are all factors influencing grip 
strength. 

2. Right hand mean grip strength is consistently greater than left hand 
mean grip strength in relation to age, weight, and Classification Index I. 
This might indicate that the right hand is always stronger, however the 
true handedness of the sample is unknown. 

3. Right hand and left hand grip strengths are more consistent in relation 
to Classification Index I, which includes age, height, and weight, than to 
either age or weight alone. It would seem therefore that Classification Index 
I is more valuable in determining grip strength than either age or weight. 
Right hand grip strength in relation to Classification Index I is the most 
consistent single measure of grip strength studied here. 

4. Right and left hand grip strengths are less consistent in relation to 
age than to weight or Classification Index I. Age, then, according to this 
study is not as valuable a factor in determining grip strength as weight or 
Classification Index I. 

5. The smallest mean grip strengths are found in the youngest age group, 
the lowest weight group, and the lowest Classification Index I group. 

6. The greatest mean grip strengths are. found in the oldest age group, 
the heaviest weight group, and the highest Classification Index I group. 

7. Each of the profile curves is similar in shape, starting with slow pro- 
gression of mean grip strength, increased acceleration and finally less rapid 
acceleration. 

8. Each of the profile curves is similar in variability, starting with slight 
variability followed by a period of increased variability, then followed by 
fairly equal variability throughout the remainder of the curve. 























Relationship Between Teammate Status and 
Measures of Skill in Volleyball 


Rurs E, Fuuton 
University of California at Los Angeles 


ly A RECENT study, Breck (1) suggested that sociometrie 


techniques are applicable in physical education classes. This suggestion — 


was based on the indicated reliability and ease of administration. The ex- 


tent to which these measures can contribute to research and teaching in — 


the field rests on the clarification of the factors which influence students’ 
choices of teammates. 

It has been demonstrated that teammate status has a small but consistent 
relationship with friendship status. Using 586 subjects, Breck found mean 
correlations of .43 + .02 and .57 + .02 between friendship scores! and team- 
mate scores in two administrations of the tests. Frost (2) obtained a corre- 
lation of 0.40 + .03 between friendship scores and teammate scores for 
both administrations of her test. 

A question which arises is the extent to w hich teammate status is related 
to skill. Frost (2) initiated the study in this area by correlating the scores 
of the French (3) volleying test and measures of teammate status. The 
correlations obtained by Frost were .51 + .02 on the first administration 
of the tests and .50 + .02 on the administration of the test given six weeks 
later. The correlations between friendship scores and volleying scores were 
not significantly different from zero. 

From these results it would seem that student choices of teammates are 
related somewhat to 1) friendship, as measured by stated choices of friends, 
and 2) skill, as measured by the French volleying test. 


Statement of Problem 


The purpose of this study was to extend the investigation of the relation- 
ship between teammate status and skill in volleyball classes so as to include 
additional measures of skill. The measures of skill used were 1) teacher 
judgment, 2) French volleying test, and 3) French serving test. 


Importance of the Study 


The validity of the French volleying test is low enough (.72) to make 
Frost’s study inconclusive regarding the relationship between skill and 
teammate status. Since the volleying test was validated by correlating 
the scores on the test with teacher judgments, a more direct approach to 


1 See Breck (1) for the explanation of these ‘‘scores.’’ 
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TEAMMATE STATUS AND SKILL RELATIONSHIP 275 





the relationship between teammate status and skill would be to use teacher 
iudgment as the standard of skill. 
ind judgm 


Method of Procedure 


Two volleyball classes in the women’s division of physical education at 
the University of California at Los Angeles were chosen for the study. The 
enrollment was 37 in one class and 31 in the other. Sixty-four students were 
present for all of the tests and constituted the subjects for the study. The : 
experiment was conducted during the last four weeks of the semester. . 
The students were requested to list the five classmates they most pre- 
ferred to have as teammates. A teammate status score was the number of 
times an individual was chosen as a teammate. 
The instructor of the class and the author made independent judgment 
ratings of the skill of the class members on a ten point scale. The volleying 
test and the serving test were administered in accordance with the proce- 
dure recommended by French. 





























tent 
1ean TABLE 1 
am- Intercorrelations of judgment ratings, teammate status scores, volleying scores, and 
yrre- serving scores 
for JUDGMENT TEAMMATE VOLLEYING 
RATING | STATUS SCORES SCORES 
Bs 
ated Miving Boores................-:.+-.+5 52 + .06 | .23* + .08 | .35 + .07 
ores Volleying Scores..................... 71 + .04 | .54* + .06 
The Teammate Status Scores..............| .71* + .04 
tion ~ * Rank order correlations. vy 
2eks 
— Results 
are Reliability. The split half method was used to estimate reliability of the 
nds, teammate status scores. The cards on which the students listed their five 


choices were divided at random into two sets. Scores obtained from the two 
sets were correlated. The Pearson product moment coefficient of correlation 
obtained by this method was .87. This would be .93 when corrected by the 


‘one Spearman-Brown formula. Since the scores are not normally distributed 
ude this correlation is spuriously high. A better estimate of reliability is prob- 
her ably obtained by the Rank Order method of correlation. The correlation 


obtained by this method was .66 or .80 when corrected. 

The correlation between the two judgment ratings of skill was .78. This 
would be an estimated reliability of .88 for the combined judgment ratings. 
The split halfs of the serving test correlated .72, or .84 for the total test. 





a : The volleying test had a split half correlation of .90. The Spearman-Brown 
ing : formula was not applied to this since only the best five of the ten trials were 
té used as the volleying score. 


Relationship Between Factors. The volleyball serving test scores corre- 
lated .35 with the scores of the volleying test, .52 with teacher judgment 








RR NLLREL EINE LE REPENS SOE LE LION AOL OE ETOEDLED ELD LESLIE BM LAA AY ETC I oe naan Ge RA on i 
= aa a i 


g 
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ratings of skill, and .23 with scores of teammate status. The volleying test : 


scores correlated .71 with ratings of skill made by the teachers and .54 with 


the scores of teammate status. Scores of teammate status correlated .71 with 


the rating of skill by the teachers. These correlations are summarized in 
Table 1. 


Conclusions and Recommendations 


Teammate status, as measured by student choices, is as closely related 
to teacher judgment of skill in volleyball as are scores on the French volley- 
ing test. This is particularly interesting in view of the fact that the volleying 
test is considered by many to be the best available single test of volley- 
ball skill. 

The correlation of .54 between the scores of the volleying test and the 
measures of teammate status indicates that the two measures overlap but 
are not measuring exclusively the same variables. The evidence from 
Frost’s study previously reviewed indicated the following: 1) volleying 
scores are not related to friendship scores and 2) teammate scores have a 
consistent relationship to friendship scores. This may mean that one ele- 
ment measured by the teammate status score which is not measured by 
the volleying scores is a social element. The social adjustment aspect might 
also influence the teacher judgments of skill. Unfortunately friendship 
scores were not included in this study so there is no evidence on this point. 

Although scores of teammate status can be obtained in a fraction of the 
time that it takes to administer the volleying test, teammate status is not 
suggested as a substitute measure of skill. It would, however, seem to have 
real possibilities as a diagnostic tool to aid the teacher in giving guidance 


and direction. Skill tests supplemented with estimates of teammate status 


might give the teacher greater insight into the problems of the students. 
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The Effect of Shortness of the First Metatar- 
sal Bone on Foot Function” 


Marearet G. Fox 
State University of Iowa 


Sixce the publishing of Morton’s book' in 1935, there has 
been considerable controversy over the causes of foot breakdown in man. 
Authorities working in the field tend to be either in almost complete agree- 
ment or complete disagreement with Morton’s concept with few, if any, 
taking the middle ground. 

Morton’s concept, stated briefly, is that foot stability is dependent upon 
the proper distribution of weight. In his so-called “ideal” foot, weight is dis- 
tributed in the following manner: heel, one half; first metatarsal, one sixth; 
and second through fifth metatarsals, two sixths. This optimum weight 
distribution can exist only when the first metatarsal is as long as the second 
metatarsal and can act, therefore, as the medial line of stress. The medial 
and lateral lines of stress converge on the longest metatarsal. Therefore, if 
the second metatarsal is longer than the first, it bears an undue proportion 
of the total body load. This disturbance of normal lines of stress predisposes 
the foot to breakdown when subjected to unfavorable circumstances. 

The statement is made further, that this is not a definite abnormality, 
that it is common and apparently an inherited tendency. Morton states 
that the defect (shortness of the first metatarsal) rarely produces symptoms 
before adulthood because of the general elasticity of tissue in early life. 
Later, as the tissues lose their resiliency under excessive strain of an occupa- 
tional, health or activity nature, such a foot may cause trouble. 

In contrast to Morton’s theories, we have a number of other hypotheses 
in regard to causes of general foot breakdown. A number of authorities state 
that weakness of leg musculature, particularly the supinators of the foot, is 
the major cause of difficulty. Such persons subscribe to the idea of strength- 
ening exercises in avoidance and treatment of foot difficulties. 

Another group of competent observers believe that a tilting of the heel 
from the neutral into the valgus position is responsible for foot breakdown. 
This occurs at the subtalar joints and results from the fact that the line of 
gravity does not fall through the middle of the body of the calcaneus but 
medial to it by approximately 1.2 centimeters. This provides an essentially 


* A more complete account of the study is contained in a dissertation that may be 
found in the library of the State University of Iowa (June, 1949). 

‘Dudley J. Morton, The Human Foot. New York: Columbia University Press, 
1935. 
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unstable position of the posterior part of the foot with a strong rotatory 
component toward the valgus position. 

Still another group subscribes to the theory that the ligaments of the 
foot provide the support for the foot and that the long leg muscles are rely. 
tively unimportant in the maintenance of the position of the foot. 

With such a divergence of opinions, it is difficult to place the blame for 
foot disabilities. In observing both painful and symptomless feet of a large 
number of college women over a period of several years, it was noted that 
a high proportion of them, from external examination, might be classed as | m: 
fitting into Morton’s Syndrome. Yet, there was little disturbance of function Jo 
in the majority of them. This might be explained by Morton’s statement | pc 
that feet possessing this defect are usually free of symptoms until adulthood — 





because of the plasticity of the tissues. 1 te 
With such a preponderance of deviations and so little objective evidence | ni 

of any relationship between deviation and function, an investigation fil 

seemed pertinent. 


Statement of the Problem 


The purpose of this investigation was to study the relationship, if any, 
between relative shortness of the first metatarsal bone of the foot and foot 
function as measured by various tests and ratings. 

Metatarsal length was determined by measurement on x-ray photo- 
graphs taken of the right foot in the non-weight-bearing position. 

Foot function was measured by: 

. an adaptation of the vertical jump 

. an adaptation of the bounce test 

. footprints on which stress was rated and deviation from the mid- — 
line computed 

. strength of the flexors of the toes as measured on a scale 

. observation and measurement of pronation in the standing posi- — 
tion, and : 

6. observation of shoes for points of wear. 


Review of Literature 


In considering the bones of the foot, it is of interest to note the varying — 
opinions on the standards for the digital formula for the metatarsals. — 
Morton? states that “for ideai foot function, the heads of the first and see- 
ond metatarsals should be equidistant from the heels.’”’ This would imply 
the following digital formula 1 = 2 > 3 > 4 > 5. According to Jones,’ the 
typical digital formula for the toes is 1 > 2 > 3 > 4 > 5, but this relation- 

hip does not hold true for the metatarsals. Typically, the second metatar- 
sal projects beyond the others. This same author also states: 

* Ibid., p. 179. 


* Frederic W. Jones, Structure and Function as Seen in the Foot, Baltimore: The 
Williams and Wilkins Company, 1941, p. 39. 
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although the head of the second is, except in rare and abnormal cases, the more 
projected in the foot, there is a possibility of some slight variation around this 
mean. Next to the second may come the head of the first, which is itself in ad- 
vance of the third. ... or the heads of the first and third may project equally, 
both being behind the second. Lastly, the third may be in advance of both of 
them. This is the formula usually accepted by most anatomists as that typical 
of man. 


Jones observes that shortness of the metatarsal, far from being an abnor- 
mality, is the accepted normal of all anatomists. If such were not the case, 
Jones notes, the bulk of humanity would be condemned by the normal dis- 
position of the foot to show departure from normal functioning. : 

Straus’ findings‘ concur with Jones’ and indicate as typical digital pat- 
tens2>1>3>4>5and2>3>1>4> 5. He notes also, that at 
no time either in fetal or adult life is there a stage in which the heads of the 
first two metatarsals are equidistant from the heels. 

Bruce® corroborates Morton’s theory by stating that there are distinct 
evolutionary changes in the metatarsal region which account, in part, for 
the final form of that region. Among these are: 1) adduction of the first 
metatarsal, 2) decrease in length of the outer metatarsals, 3) hypertrophy 
of the first metatarsal, and 4) fixation of the first metatarsal. He points out 
that lack of adjustment in relative lengths of metatarsals as well as abduc- 
tion or exaggerated mobility of the first metatarsal are anomalies that dis- 
turb the function of the whole anterior segment of the foot. 

Elftman and Manter® note, among other things, as evolutionary changes 
in the foot proportion a shortening of the four lateral metatarsals and their 
phalangeal series. 

Hiss’ contends that shortness of the first metatarsal is more likely a de- 
velopmental rather than congenital condition resulting from structural 
forces in the hip joint which necessitate lateral rotation of the leg at the hip. 
He believes that the metatarsal shortens to keep the plane of the hinge-like 
action in the metatarsal region at right angles to the direction of travel. 
Furthermore, he believes the condition develops so slowly that it gives the 
foot time to adapt to the condition and to develop sufficient function. 

Morton cites as his reason for believing that the first metatarsal should 
be longer the fact that the medial and lateral lines of stress are concentrated 
on the longer metatarsal as a result of the fulerum action in this region. The 
first metatarsal, because of its greater diameter, general sturdiness and 
larger basal joint surface, is capable of withstanding this strain. But the 


‘W. L. Straus, ‘“The Growth of the Human Foot and Its Evolutionary Signifi- 
eance,’’ Contributions to Embryology, Carnegie Institute, Vol. 19, 1927, p. 129. 

° John Bruce, ‘‘Structural Anomalies of the Forefoot in Relation to Some Metatar 
sal Disturbances,”’ Edinburg Medical Journal, 44: (August, 1937), p. 533. 

* Herbert Elftman, and John Manter, “The Evolution of the Human Foot,” Jour- 
nal of Anatomy, 70: (October, 1935), p. 66. 

7 John Martin Hiss, Functional Foot Disturbances, Los Angeles: University Pub- 
lishing Company, 1937, p. 45. 
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second metatarsal is smaller and corresponds in size to the lateral three 
metatarsals and thus is not capable of bearing this strain structurally, 
Morton prefers to think of the foot as a stable base of support with the 
leg as a “super-structure”’ maintained in balance over it by muscles rather 
than to reverse the procedure thus considering the foot movable on the leg 


with the foot position being maintained by muscular action. If for any rea. 
son the structure of the foot is unstable, it is possible for the muscles to 


maintain the leg in a vertical position over the foot for a short period of 
time, but like any other group of muscles in the body, the leg muscles are 


unable to sustain the contraction indefinitely. Hence, Morton believes, — 


faulty foot positions such as pronation are not due to lack of strength but 
rather to a faulty base. This has been borne out by actual tests of musele 
strength, where it was found that the persons with pronated feet frequently 
had greater strength in the supinator group of muscles. 

Jones,® who is an advocate of the theory of muscular insufficiency as the 
cause of foot breakdown, states that the tendons of the muscles help in 
maintenance and restoration of the long arch not only by contracting from 
below, but also, in the case of the tibialis anterior and peroneus tertius, by 
pulling the donie of the long arch upward from above. He concludes that 
the last of the functional safeguards of the longitudinal arch are the short 
intrinsic muscles, which are very important functionally. 

Willis’ and Keith'® agree with the concept that the muscles are all impor- 


tant in the support of the longitudinal arch and that support from liga- — 
ments comes into play only after the muscles have failed. Steindler™ main- — 
tains that the muscles are the first line of defense in the maintenance of — 


normal configuration of the foot with ligamentous resistance against exter- 
nal forces depended upon only after muscular resistance has failed. 

Jones," after carefully surveying the work of many of the above authors 
in regard to the theory of muscular support of the foot, found by experi- 
mentation that the tension stresses in the arch are borne chiefly by liga- 
ments with the long leg muscles bearing not more than twenty per cent of 
the total tension stresses. He concludes, therefore, that the most important 
factors, quantitatively, in the support of the arch are the plantar ligaments 
and plantar aponeurosis with the short plantar muscles next most impor- 
tant. 

Still another theory of possible cause of foot breakdown is advanced 
by Schwartz et al.,” as they disagree with the theory of muscular support 


* Frederic W. Jones, op. cit., p. 258. 

® Theodore A. Willis, Function of the Long Plantar Muscles, pp. 150-6. 

1 Arthur Keith, ‘‘History of the Human Foot and Its Bearing on Orthopedic 
Practice,”’ Journal of Bone and Joint Surgery, 11: (January, 1929), p. 12. 

" Arthur Steindler, 7’he Mechanics of Normal and Pathological Locomotion in Man, 
Baltimore: Charles C. Thomas, 1935, p. 266. 

12 Russell L. Jones, ‘‘The Human Foot, An Experimental Study of Its Mechanics 
and the Role of Its Muscles and Ligaments in the Support of the Arch,’’ The American 
Journal of Anatomy, 68: (January, 1941) p. 22. 

18 Schwartz, and others, ‘“‘Useful Methods of Examination as Related to the Cause 


and Treatment of Painful Feet,’’ Physiotherapy Review, 19: (January, February, — 


1939) p. 22. 
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of the foot as the first line of defense in foot stability. These authors state: 
“the presented evidence from precision records indicates that there isn’t 
involuntary muscular protection against pronation in stance and locomo- 
tion.” Their evidence indicated that pronation and foot strain cannot be 
avoided by muscular contraction alone. It is the valgus position of the 
ealeaneus which they have found to be the primary factor in faulty foot 
position. Their study indicates that the posterior tibial muscle, which is a 
muscle generally accepted as effective in the correction of pronation, does 
not reflexly contract to prevent pronation either in stance or in the stance 
phase of locomotion. 

Graham" and Jordan'® both agree with Schwartz et al. that the majority 
of the foot disorders, regardless of their manifestations, originate in the 
valgus position of the heel. 

Morton, while admitting the heel is important for its functional role in 
both stance and locomotion, still believes that the postural security of the 
heel as well as the entire foot is directly dependent on the radiating spread 
of the metatarsals. 

It can readily be seen that there is considerable controversy over the 
cause of foot instability. Muscular insufficiency, lack of ligamentous sup- 
port, tilting of the calcaneus and lack of support on the medial side of the 
foot due to shortness of the first metatarsal all have their proponents. It 
seems rather obvious that study of this problem is indicated. 


Procedure 


In designing the experiment, it was planned to select two widely diver- 
gent groups with respect to comparative lengths of the first and second 
metatarsals. These groups were to be compared by using the critical ratio, 
applied to the mean scores of the various tests taken by the groups. It was 
necessary, therefore, to set up some screening device that would isolate 
these two groups for study. The following items were included in the exami- 
nation: difference in length between the first and second metatarsals, con- 
tracted toes, callouses and prominence of the first metatarsal cuneiform 
joint, as measures directly related to selecting subjects for metatarsal 
length. Seaphoid and malleolus prominence, knee cap roll in or out, and 
weight on the inside of the foot in walking were selected as measures of 
pronation, while measures included for general interest value included 
corns, hallux valgus, angle of walk or toeing out, pain or fatigue, plantar 
warts, and athlete’s foot. 

Difference in length of metatarsals is difficult to detect particularly in 
the heavily muscled or fat foot. In such cases the examiner plantar flexed 
the subject’s toes at the metatarsal phalangeal joint while applying pres- 
sure from below to bring out the heads of the metatarsals more clearly. 
The examiner then laid a steel rule on the dorsum of the first metatarsal 


“4 James Graham, ‘‘Weak Foot: Pathogenesis and Treatment,’’ American Journal 
of Surgery, 36: (March, 1937) p. 498. 

‘Henry H. Jordan, ‘‘Foot Problems in Wartime,”’ Archives of Physical Therapy, 
24: (September, 1943) p. 527. 
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and read the difference between the forward projection of its distal end and 


that of the second metatarsal. The rule had been previously prepared with 


each three millimeters representing one degree of difference so 


could be taken directly. This measure was then designated as estimated — 
difference in metatarsal length. Callouses were indicated by recording the — 


number of the metatarsal under which they were found. Secaphoid and 


malleolus prominences were graded by noting whether a vertical dropped — 


from these two points lay lateral or medial to a line drawn to connect the 


most medial projection of the heel and first metatarsal phalangeal joint, — 
For each quarter of an inch deviation medially from the heel-toe line, one _ 
degree of deviation was recorded. Lateral deviations were scored as zero, — 
Hallux valgus was scored by placing the feet together and noting the devia- — 
tion of the proximal phalanges. For each one-fourth inch of deviation, one 


degree of deviation was recorded. The remainder of the measures were re- 
corded as absent, slight, moderate, or severe. 


The screening examination was given as part of the Basic Skills Testing 


Program in the fall to all entering freshmen women at the State University 
of Iowa. 

All of the cards of the subjects rated as having no estimated difference 
in length between the first and second metatarsals were reviewed for inclu- 
sion in the experimental group and those with marked deficiencies in other 
parts of the examination were discarded. Those with marked estimated 
difference in metatarsal length (three or four degrees) were automatically 
included in the group at the other extreme. In the group with no estimated 


difference in metatarsal length, fifty were tested, while of those with marked 


estimated difference, thirty seven were tested. 

X-ray photographs were taken of the right foot of all subjects in the 
weight bearing and non-weight bearing positions. The following measure- 
ments were made on the x-ray film with white ink: actual difference in 
metatarsal length on the non-weight-bearing film and digital length of the 
weight bearing film. A vertical was erected bisecting the shaft of the sec- 
ond metatarsal and lines were drawn at right angles to the vertical and tan- 
gent to the heads of the first and second metatarsals. The difference be- 
tween these lines was scored as the actual difference in metatarsal length. 
Digital length was measured by noting the difference between parallel 
lines drawn tangent to the soft tissue outlines of the first and second digits 
on the weight bearing film. When the first metatarsal or digit was longer 
than the second, the actual difference was recorded positively, while nega- 
tive readings were recorded when the second digit or metatarsal was the 
longer. 

An attempt was made to measure pronation by noting differences be- 
tween the weight bearing and non-weight bearing films, but after a number 
of attempts, this was abandoned. 

A careful survey of the literature revealed very few tests of foot function. 


From those available, the following items were selected: vertical jump", toe 


© T. K. Cureton, “Fitness of the Feet and Legs,’’ Supplement to the Research Quar- 
terly, 12: (May, 1941), 368-381. 
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flexor strength'®, and bounce test.” Each of these was modified in an at- 
tempt to make the test more valid. In the vertical jump, the depth of the 
erouch was controlled and the use of the arms eliminated. In the toe flexor 
strength test, the foot and leg were isolated more completely for testing by 
re-designing the apparatus used by Cureton. In the bounce test, an attempt 
was made to improve balance by using straps on the feet which the student 
could grasp in place of grasping the ankles, and splints on the arms to pre- 
vent bending the elbows to relieve the strain on the legs. 


TABLE 1 
Test reliabilities and intercorrelations 


ae ae 





TOE FLEXOR = TOE FLEXOR 
VERTICAL | ‘STRENGTH | STRENGTH RELIABILITY 





























a ae NORMAL SUPINATED 
N ot ag ie é A : x | sy ? r 
Vertical jump 81 _ — — 0.86 
Toe flexor strength 
Normal. . 81 0.10 — _ 0.96 
Supinated 81 | 0.08 0.72 — 0.92 
Bounce...... 81 | 0.08 0.08 ete .03 _ 
TABLE 2 
Coefficients of correlations between actual metatarsal length and tests 
. N r 
RE ga cs ee ose eee bed» ac0eneee 81 —0.02 
NE, 3... . . . scald Uda wa palace eee 81 —0.02 
Toe flexor strength 
SEE DOEEEAOM . ... sninvse wom ome bin sedi 81 0.05 
Mupenated position...............-s.ec0: 81 0.00 
Difference between normal and supinated 
readings of toe flexor strength............ 81 0.04 
TABLE 3 
Coefficients of correlations between actual metatarsal length and physical findings 
ia N r 
Estimated difference in metatarsal length. . .| 81 0.66 
en MOOR... ......cccer 00s sebaeeeeey 81 0.56 
ane DOEEE . i... os ow ck neg care ee 81 0.16 
Mr Giiees................ssoec chess | 81 0.16 


Pronation was measured by ratings and also by measuring heel cord de- 
flection. Pressure points and angle of walk were measured on footprints. 
Analysis of Data 


Three to five readings were taken on each part of the vertical jump and 
toe flexor strength tests. The number varied with the consistency of the 


 M. Gladys Seott, Margaret Mordy, and Marjorie Wilson, “‘Validation of Mass- 
Type Physical Testsof Work Capacity,” Research Quarterly, 16: (May, 1945), 128-139. 
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TABLE 4 


Comparison of mean metatarsal length* of groups dichotomized on the basis of the 
presence or absence of certain physical conditions 


| 











Nt | seease STANDARD | CRITICAL LEVEL oF 








DEVIATION | RATIO SIGNIFICANCE 
ouniel rhe = A, ABR Le aseecnatieee 
| | | % 
Callouses under second 2.35 1 
metatarsai 
a. Present...........| 27 | -—3.52 3.08 
b. Absent........... 52 —1.81 3.05 | 
Claw toes | 0.42 50 
a. Present........... 14 —2.50 2.85 
Oe ee 61 —2.14 3.07 
Pain or fatigue 2.17 2 
a. Present........... ll —4.73 3.52 
ae OS ae ie 57 —2.30 2.65 | 
Pressure points under | 12.01 0.1 
second metatarsal 
&. Present........... 57 —3.28 2.83 
b. Absent........... 22 | -0.36 3.10 | | 
Prominence of first met- FR 0.1 
atarsal cuneiform joint 
a. Present........... 24 — 3.63 3.40 
b. Absent........... 48 —1.60 | 2.18 
Weight on inside of foot 1.60 7 
in walking 
a. Present........... 11 —4.09 3.40 
b. Absent........... 52 —2.19 2.18 | 
Pronation rating 2.38 1 
a. Present........... 22 —3.59 2.76 
b. seeeeeel........... 34 —1.59 3.44 








* Difference between first and second metatarsals measured in millimeters. 
_ t The variation in N is due to discarding of cases about which there was a ques- 
tion or where data were incomplete. 











TABLE 5 
Coefficients of correlation between pronation rating, tests, and physical findings 
‘ N r 
EASES IED OO 80 0.00 
Toe flexor strength—normal................. 80 0.06 
Tae ov ons sch OME Go up cdu ss cecees 80 0.03 
phoid measurement 
Ss i ke EELS. wibk vacwie:s es» 61 0.46 
RR eh a 59 0.46 
Malleolus measurement 
OS SRE Mer nis oa ea 61 0.46 
SSSR ies > 59 0.43 
pre Aage gra WPL Sl a | 79 0.43 
wa 
RAY SERS a ae a 80 0.02 
ne ae ees a : 80 0.03 
0.88 


Rating of right and left feet.............. , «80 








performer. Coefficients of reliability were computed by correlating the 
scores on the last trial with the median score for all the trials. 
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None of the measures of foot function correlate with shortness of the 
first metatarsal and all have low intercorrelations. However, as they have 
been found to be valid tests of foot strength, power and endurance by other 
investigations, it is probable that there is little or no relation between 
relative length of metatarsals and foot function as measured by these tests, 
at least as far as this population of college women is concerned. 

If additional study were to be done on this topic, it would be convenient 
if subjects could be selected by an examination of the foot without x-rays. 
However, the coefficient of correlation between the original estimate and 
x-ray findings in this study is too low to make such a recommendation. 
Digital length has been suggested as a method of screening subjects for 
shortness of the first metatarsal. The coefficient of correlation between the 
actual metatarsal length as measured on the x-ray and the toe length was 
not high enough to make it a valid diagnostic sign. 

Although the number complaining of pain was small, the number in- 
creased directly with the increase in degree of metatarsal shortness. 


Conclusions 


1. Apparently, there is little significant relationship between shortness 
of the first metatarsal and foot function of young adult women of college 
age. 

2. External examination alone is not a valid test for determining meta- 
tarsal shortness. 

3. Digital length, while related, is not a significantly valid criterion to be 
used for prediction of metatarsal length in individuals. 

4. Angle of walk and hallux valgus are only very slightly related to 
shortness of the first metatarsal. 

5. Presence of callous and pressure under the head of the second meta- 
tarsal as shown on the footprints or examination are highly significant in 
relation to shortness of the first metatarsal. 

6. Prominence of the first metatarsal cuneiform joint is also very closely 
related to shortness of the first metatarsal. 

7. Pronation as determined by a rating appears to be definitely related 
to shortness of the first metatarsal, but does not appear to be related to 
the tests of foot function used in this study. 

8. Carrying the weight on the inside of the foot in walking and promi- 
nence of the scaphoid and medial malleolus appear to be definitely related 
to pronation as determined by rating. 

9. Heel cord deflection, while it offers possibilities for further study as an 
objective test of pronation, is not a valid measure as administered in this 
test. 

10. Angulation of the patella, apparently, is not a good indication of 
pronation. 

11. Pain and fatigue seem to be more prevalent among those with short 
first metatarsals. 
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Suggestions for Further Study 


1. Measurement of hypertrophy of the cortex of the metatarsals to de. 
termine its relationship to shortness of the first metatarsal at this age, 


2. Further study of individuals with shortness of the first metatarsal _ 
with x-ray photographs taken from the medial side of the foot in g 


horizontal plane to determine the part played by the sesamoids in 
compensating for shortness of the first metatarsal. 

3. Study and refinement of the scales of scaphoid and malleolus promi- 
nence and their relation to pronation. 

4. Study of heel cord deflection with view to improving accuracy in judg. 
ing the center line of the tendon of Achilles. 

5. Study of the walk of individuals of known metatarsal length by means 
of movies to determine the relationship of metatarsal length to rota- 
tion at the hip joint. 

6. Study of the walk of individuals of known metatarsal length by means 
of movies to analyze the use of the foot in the push off phase of loco- 
motion. 


7. Repetition of studies of foot function in relation to shortness of the — 


first metatarsal in an older age range. 
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Status of Statutory Health Instruction 
in the United States 


H. Kent FarLEy 
Oregon College of Education 
Monmouth, Oregon 


To WHAT extent is health instruction in the elementary 
and/or secondary schools of the several states and the District of Columbia 
required by statute? To what extent is the teaching of various areas of 
health required? In an effort to secure data bearing on these questions and 
others, a letter of inquiry was sent during the school-year 1948-1949 to 
the chief educational officers of the several states and the District of 
Columbia. Forty-two replies were received from the forty-nine inquiries, 
a return of approximately eighty-six per cent. Data concerning the seven 
states not replying were secured from other sources that were deemed 
valid (1, 2). 

Answers to four questions were sought in the above-mentioned letter of 
inquiry. The questions asked were: 

1. Is health instruction (not physical education) required by statute in 
your state? If so, at what level or levels? 

2. Does your statute specify a title for the required course in health? 
If so, what is that title? 

3. Does your statute require that a course of study be developed? If so, 
by whom? For what levels? 

4. In what areas (effects of alcohol; safety; etc.) is health instruction 
required by your statute? 

Data bearing on question one above are given in detail in column two, 
Table 1. Attention is directed to the fact that thirty-two states replied that 
they had some type of health instruction required by statute. However, 
Idaho, Maryland, Missouri, Nebraska, and New Hampshire in replying to 
question one indicated they did not have any statute requiring health in- 
struction, although, in replying to question four, they indicated that at 
least one area was required by statute. It would seem, therefore, that the 
statutes of thirty-seven states actually did require that some type of health 
instruction be given in their elementary and/or secondary schools. 

Health instruction was required in grades one through twelve by twenty- 
five states; in grades one through eight by four states; while grade-ranges 
of one through nine, one through ten, and nine through twelve were in- 
dicated by one state each. In other words, of the thirty-seven states in- 
dicating that some type of health instruction was required by statute, ap- 
proximately sixty-seven per cent specified such instruction must be given 
in all elementary and secondary grades. 
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TABLE 1 
State statutory requirements for health instruction 
| IN- } 
STRUC- | | __ COURSE OF ror 
eS | ee | ue | eee ee 
QUIRED | 
SESE SSPE AL TCR 2 ED TS TRC | AS 
Grades No 
Alabama | 1-12 | Hygiene and | no nye and sanitation. Al. c 
anitation cohol; tobacco; narcoties No 
Arizona | none | none no None 
Arkansas* 1-12 | none no Part of Physical Education Ohi 
California 1-12 | none | no Alcohol, narcotics; safety Ok 
Colorado | 1-12 none | no Alcohol; narcotics required 
in all grades | Ore 
Connecticut 1-12 none Com. of Ed- | Safety, all levels. Alcohol 
ucation third grade and above 
Delawaret none | none no None 
Florida* ' none | none | no None 
Georgia | none | none no None 
Idahot | none | none no Alcohol, narcotics required 
Illinois | 1-9 | Physiology no Safety; aleohol, narcotics ; 
and Hygiene Pel 
Indiana | 9-12 Health and State Bd.for | Alcohol; nutrition 
| Safety H. 8. ° Rh 
Iowa | 1-12 | none | State Supt. of Alcohol, narcotics, poisonous Bo 
| Education substances 
Kansas | 1-12 | Health and | State Supt. of Alcohol. Other areas general Bo 
| Hygiene | Education Te 
Kentucky | 1-10 | Basic Health H. 8S. State Other areas general Te 
‘ | Safety Bd. U 
Louisiana 1-8 | none Local Board Alcohol, narcoties in 1-8 t 
Maine 1-12 | none | Indirect Com. Personal hygiene; commu- 
of Educ. nity sanitation; safety V 
Marylandt{ none | none no Alcohol, narcotics required vi 
by old state law W, 
Massachu- | Physiology | Alcohol and narcotics ;tuber- : 
setts 1-12 and Hygiene | no culosis W 
Michigan none none | no None W, 
Minnesota 1-12 | none | Comm. Fad, te Alcohol and narcotics; morals W. 
Supv. of P.E. 
Mississippi 1-12 | none | no Narcotics; safety as 
Missouri none | none | no Alcohol though not specified 
| as to grade a 
Montanat 1-12 | none | no General areas PI 
Nebraskat none | none | no _ Attention to alcohol and 
narcotics required So 
Nevada 1-12 | Physiology | no | Alcohol and narcotics 
and Hygiene | 
New | Alcohol and narcotics re- 
Hampshiret | none | none no quired by old law 
New Jersey 1-12 none | State Dept. or, Safety; first aid; home nurs- 
| Loeal Bd. | ing; aleohol and narcotics ve 
New Mexico | none | none | ‘no | None th 
New York 1-12 Health | State Dept. of Mental health; nutrition; se 
Teaching | Education rsonal hygiene; dental : 
ealth; first aid; safety; Wi 
disease prevention; Aleohol te 
‘ and narcotics of 
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IN 


STRUC 
STATE TION 
RE- 
| QUIRED 
| Grades 
North 5 : 
Carolina | 1-8 


North Dakot a 1-8 


Ohio | none 
Oklahoma 1-12 
Oregon | 1-12 
| 
ei 
Pennsylvania | 1-12 
Rhode Island | none 
South 
Carolina | 1-8 
South Dakota | none 
Tennesseet | none 
Texas | 1-12 
Utah | 1-12 
Vermont | 1-12 
Virginia | 1-12 
Washington 1-12 
| 
West Virginia | 1-12 
Wisconsin* | none 
Wyoming | 1-12 
District of 
Columbia* | none 


TABLE 1—Continued 


TITLE SPECIFIED 


none 
none 


none 
none 


none 


Health Edu- 
cation 
none 


none 

none 

none 

Physiology 
Hygiene 

Physiology 
Hygiene 


none 

none 

Physiology 
Hygiene 

none 

none 

none 


none 





COURSE OF 
STUDY REQUIRED 
(Authority) 


State Supt. 
Ed 


| State Bd. 
Education 

no 

no 


| Supt. of Pub- 
lic Instruc- 
tion. 


Chief of 
Health P.E. 


no 


| no 
| no 


no 

State Supt. 
_ Edueation 
State Bd. of 
_ Education 


| no 
| State Ed. 
no 


no 
no 
| no 


| ho 
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| AREAS IN WHICH HEALTH INSTRUCTION 


} 








IS REQUIRED BY STATUTE 





Safety; alcohol and narcotics 
Safety; alcohol .... 


none 
Law passed, no appropria- 
tion made 
Structure-function; first aid; 
safety; personal hygiene; 
communicable disease; se- 
lection services; alcohol- 
narcotics; mental hygiene; 
hysiology of exercise; 
ealth and sanitation; nu- 
trition 
Safety; aleohol 


none 


Safety 
none 


none 
Alcohol and narcoties 


Sanitation; communicable 
diseases; alcohol and nar- 
cotics 

Alcohol and narcotics 

Safety; Alcohol, narcotics 

Effects of exercise; Alcohol 
and narcotics 

Alcohol and narcotics 

none 

Alcohol and narcotics 


| none 





*Nore ly. Data taken from F. 8. Stafford, State Administration of School Health, 


Physical 


ducation and Recreation. Office of Education, Bulletin 1947, No.13, 1947. 


+t No reply. Data taken from mimeographed report of Committee on Legislation. 


iety of State Directors of Health and 


hysical Education, April 1, 1946. 


t Reported no statute; however, reported alcohol one area required taught. 


Replies to question two (as tabulated in column three, Table 1) re- 
vealed that four states specified the title, Physiology and Hygiene, for 
their required program of health instruction. Seven other states indicated 
seven different titles. Frequently the laws seemed to mean that instruction 
was to be given in the field of hygiene, physiology, or health without in- 
tending that those terms should constitute the title of the required program 
of health instruction. 








RS SS _ 








290 RESEARCH QUARTERLY 


The development of a course of study for the health instruction pro. 
gram was required by statute in seventeen states. The state board of edy- 


cation and the chief educational officer of the state were the two sourees | 
most frequently held responsible for developing that course of study, the 


former in seven states, and the latter in eight states. One state placed the 
responsibility with the local board of education and one state with the state 
health and physical education officer. Column four, Table 1, gives the 
tabulated data relative to that question. 

Replies to question four (as tabulated in column five, Table 1) indicated 
that only two or three areas of health were consistently specified by statute 
in the several states. The area of alcohol, stimulants, and narcotics (as 
they effect the human body) was the area most frequently mentioned, 
thirty-one states having such statutory requirement. Instruction in safety 
was required in fourteen states. Four states required instruction in the 
area of sanitation. Three states required instruction in nutrition. Two 
states required instruction in the area of communicable diseases. Other 
areas reported were too general in nature or mentioned by only one state 
as being required by statute. 

Based on conditions existing at the time of this study (1948) it can be 
said in summarization that: 

1. Seventy-five per cent of the states required by statute that health 
instruction be given in the elementary and/or secondary grades. 

2. Of the states requiring health instruction by statutory act, sixty- 
seven per cent required that such instruction be given in grades one through 
twelve, eleven per cent grades one through eight, three per cent grades one 
through ten, three per cent grades one through nine, three per cent grades 
nine through twelve, while thirteen per cent did not specify any particular 
grade-range. : 

3. Specification of title by statute was not generally engaged in as evi- 
denced by the fact that only twelve states made such provision. 

4. Approximately thirty-four per cent of the states made statutory pro- 
vision for the development of a course of study for the health instruction 
program. Responsibility for the development of that course of study was 
primarily lodged with either the state board of education or the chief state 
educational officer, seven states indicating the former and eight states the 
latter. 

5. Better than sixty-three per cent of the states required by statute that 
instruction be given in the effects of alcohol, stimulants, and narcotics on 
the human body. 

6. Safety instruction was required by statute in approximately twenty- 
eight per cent of the states. 

7. Less than eight per cent of the states required by statute that in- 
struction be given in sanitation. 

8. Only six per cent of the states required by statute that nutrition be 
taught. 
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9. The teaching of communicable diseases was required by statute in 
four per cent of the states. 

10. Only one state required by statute that some instruction be given 
relative to the effects of tobacco on the human body. 

11. Areas reported by one state each were; poisonous substances, tuber- 
culosis, home nursing, dental health, first aid, disease prevention, struc- 
ture and function of the human body, selection and use of health services 
and health products, physiological effects of exercise on the human body, 
mental hygiene, and community health. 

12. Oregon, with eleven areas specified, led all other states in the total 
number of areas in which health instruction was required by statute. 

In conclusion mention should be made of the fact that no attempt was 
made to ascertain the extent of health instruction being required in the 
several states and the District of Columbia by means of rules and regu- 
lations. It was believed that such requirements were of a more transitory 
nature and would probably present more of a shifting picture than statu- 
tory requirements would present. 
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The Status of Boxing in Institutions of 
Higher Learning 


Carlton R. Meyers 
Yale University 
New Haven, Connecticut 


Tue PLACE of boxing in educational programs is a contro- 
versial issue not only among physical educators but also among educators 
in general. In 1940 Kenney and his associates instigated this controversy 
by focusing the attention of others upon it through the results of an eval- 
uation of boxing as a college activity (3). The problem still continues. 

Basic to a study and evaluation of boxing ‘in colleges and universities 
lies the need for a composite picture of current practice and opinion re- 
lating to boxing—the status of boxing in institutions of higher learning 
(4).1 To fulfill this need questionnaries were submitted to 794 institutions 
of higher learning enrolling men in the United States. Each institution 
received two questionnaires; one for the person directly responsible for 
physical education for men, and another for the director of health services. 
The questionnaire intended for physical education administrators dealt 
with facts concerning current practice and opinion relating to boxing. 
The document directed to health service administrators was designed to 
ascertain the prevalence of significant injuries in boxing as well as opinion 
about the activity. 


Findings 


The findings of this questionnaire study comprised a 78 per cent response; 
620 of 794 institutions having replied. During the academic year 1948-49, 
as indicated by the replies, 263 institutions offered boxing in one or more 
of the following: physical education class program; intramural program; 
and intercollegiate program. Boxing was conducted in these programs by 
228, 123 and 59 schools, respectively. The number of institutions offer- 
ing boxing during 1948-49 included 143 under public control, 56 private 
colleges and universities, and 64 denominational schools. In lieu of inter- 
collegiate competition three colleges sponsored participation in Golden 
Gloves tournaments, and one school enabled students to enter Amateur 
Athletic Union competition. 

1The data presented herein comprised an integral part of ‘An Evaluation of 
Boxing as a Sports Activity in Institutions of Higher Learning,’ a study approved 


for sanction by the Executive Council of the College Physical Education Association 
in March 1949. 
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Table 1 discloses the extent to which boxing was sponsored by responding 
institutions both during 1948-49 and within the past decade (beginning 
with the academic year 1939-40). As shown by this table, 62 colleges and 
universities had sponsored the activity in one or more of the forementioned 
programs within the past decade but have subsequently discontinued all 
boxing. During this period an additional 50 schools have dispensed with the 
activity in part. Lack of a qualified instructor, limited facilities and equip- 
ment, and little student interest accounted for 59, 52 and 40 per cent of the 
discontinuance of boxing from physical education class, intramural and 
intercollegiate programs, respectively. It was noted that the majority of 
reasons given by respondents for dropping boxing may be categorized as 
complicating factors attributable to the nature of the activity. For ex- 
ample, the recommendations of professional organizations and administra- 
tive difficulties, two of the reasons mentioned by respondents, may he 


TABLE 1 
Boxing in colleges and universities 





PHYSICAL 

















| INTRAMURAL . TOTAL 
mUpmocnam | = PROGRAM «| “Teccea «| REPORTING 
—_—— —— | 
| No | % | No | % | No | % | No | % 
Institutions sponsoring box-! | | 
‘ing, 1948-49... .| 228 | 36.8 123) 19.8 59) 9.5) 263 42.4 
Institutions dropped boxing) 
in past decade | 48 7.7, 54 8.7, 41 | 6.6) 62*)| 10.0 
Institutions without any box- 
ing in past decade ..| 344 55.5) 443 | 71.5) 520 63.9) 295 | 47.6 
Total... | 620 | 100.0, 620 | 100.0) 620 | 100.0 100.0 














° This figure includes onl y those institutions that have discontinued all boxing. 


classified as complicating factors accruing from the nature of the activity. 

During 1948-49 a mean of 150 students received instruction in the 
physical education class programs of 200 institutions, which furnished 
such statistics. The number ranged from 9 to 2500 students. For the same 
period 95 schools reported a mean of 64 participants in a range from 12 
to 300 for boxing in intramural programs. The average number of contest- 
ants in the intercollegiate boxing programs of 54 institutions was 27; the 
range being from 6 to 80. 

Boxing instruction in the physical education class program was offered 
in the majority of institutions as an elective during 1948-49. Table 2 shows 


-the various ways in which boxing instruction was given with the frequencies 


of occurrence. 

Table 3 reveals the tabulated response to an inquiry as to the safety 
Measures used for boxing during 1948-49 in the physical education class 
program, and for competition and practice in intramural and intercollegiate 
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programs. The tabulation may appear to indicate that relatively few jp 
stitutions utilized any precautionary measures. Obviously, the recorded 
response reflects the frequency of mention accorded to the various measures 
which were deemed to be most important by respondents. Some repliers 
listed only one item, e.g., close supervision, whereas others were more 
definitive and delineated equipment and other controls. For the inter. 
collegiate program one-third of the reporting institutions designated com. 
pliance with regulations of the National Collegiate Athletic Association, 


Conformance to these regulations insures provision of other specific items 
enumerated in the tabulation; such as hand wraps, groin protection, padded 


floor, medical examination before bouts, and presence of a physician at 
contests. 

Relative to the prevalence of significant injuries in boxing, respondents 
were requested to furnish available facts concerning such injuries and their 
incidence as sustained during the past decade in all forms of boxing con- 


TABLE 2 
Boxing instruction in physical education class programs during 1948-49 














INSTITUTIONS 
OFFERED AS* eee at 
No. | % 

Requirement (including requirement reporte od for te sacher 
training programs in physical education only). Hj 2 87 35.8 
; (19) (7.8) 
NN is IN ath ins a MIB pn ow oon «ss 103 | 42.4 

Elective to meet a requirement in general area of comba- 
NO Fs eR SP. aks es cess see ed 37 15.2 
RUIN, iiss ss skh «EAB ab ds vase ve se vee. 16 6.6 
SR a RR Ses i 2 243 100.0 








* Instruction was offered by 11 institutions in two of these ways, and by two 
schools in all of the opps conus 


ducted by their respective alinetions: Table 4 discloses the reply toa 
query as to serious cases of physical or mental impairment that were di- 
rectly traceable to participation in boxing at reporting institutions within 
the past decade. Table 5 contains a tabulation of the response from the 
325 institutions that have sponsored boxing regarding other significant 


health disturbances directly traceable to participation in boxing since 


1939. In these two tables the response of medical doctors (M.D.) serving 


as health service directors has been differentiated from persons not trained 
as physicians (Not M.D.). Also, injuries incurred at institutions sponsoring | 


boxing only in the physical education class program have been 
from those sustained at institutions which conducted competitive boxing 
in intramural or intercollegiate programs. 

The incidence of injury in boxing at institutions of higher learning was 


computed from the number of participants, injuries and knockouts for 


both the academic year 1948-49 and the preceding nine years of the past 
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TABLE 3 Ba 
Safety measures employed for boxing in 1948-49 Be 
Pe, ae . 3 
NUMBER OF INSTITUTIONS BS 
SAFETY MEASURE REPORTED eal ed —— ae i 
Com Prac- | Compe- a 
} aa titan tice tition grea a 
a iva 5 +» «.<.«ypsie pe eecie ORM oa eee 122 57 47 13 43 He 
Head guards—optional.......................... 4 2 oy 
Head guards with face masks.................., 7 1 2 2 i, 
Head guards with face masks—optional.......... 2 1 1 i 
SE re ee ee oe 3 1 
ee eee 54 29 20 5 20 ‘4 
Groin protectors (cups)..................,...0.. 12 12 8 1 2 se 
Abdominal protectors vis ae 2 1 ts 
Hand wraps... veesdoubsvaene hal dea 9 5 5 10 § 
Vaseline. .... awe reas 62 eae 1 3 2 1 2 Hs 
Heavy gloves. er oR 21 5 9 5 Hi 
‘18 ounce gloves JY, ae Aaa 1 in 
EF ee 49 15 11 2 ll 4 
M4 and 16 ounce gloves.......................0.. 4 1 1 1 4 
Z 14 ounce gloves... vp acces ois Clie denen 9 2 1 5 : 
12 ounce gloves... . dvs > ne dup 30 Padme eed en 3 1 Be 
a Gloves according to weight classes............... 1 1 # 
fe SS OC 2 ‘| 
Padded floor . 5 «| aljp gpawedlsls iets o's ee ee 7 2 3 3 Pe 
ON — EE CRG De 5 4 Me 
Thorough medical examination.................. 9 14 1 ¥g 
Medical examination before bouts............... 1 y 
meenunte instruction................0...- ccaweces 16 2 2 ¥ 
I ss... ss we ce oud bas an eee 13 8 4 2 5 i 
SR ne ee aye ae 35 ll 30 2 13 b 
fundamentals, controlled sparring......... 4 1 % 
EI EE Le s ; 
S wegmt matching..................seekss. 10 2 L} 
competition—matching according to ability a 
and weight. . ip dieyck Said | 8 1 3 2 : 
Only conditioning LP eden ey 1 j 
mee of a physician er epee 48 1 1 
nee of a gl rr ee Pee oa 4 3 1 ; 
Competent officials es Wa 2 + 9 |e ahaa Bate 6 1 
Comply with NCAA rules....................... ae ae 17 24 yi 
Follow AAU rules See Poee, 2 
e rules. PO eee a 4 
rtened rounds =. od plbte cle whaikey cuatabe Soe REE a 6 8 5 aj 
1 minute rounds cad bs high kn 1 1 ao * 
ff nope cee 6 a 
kdown ends round soca at) acd = ee ea 2 | a) 
_— Bmeekdown rule. ... ....ic5 43; .dssenank 1 eee oy 
Me MEVOPOCIDE. .... . . 5s nde i an eee 1 1 t 
eree stops bouts early in uneven matches or ' 
upon signs of injury........... Js tees eae ee 1 | a 
ping over-match before official.............. 1 iy 
necessary precautions........................ 4 5 2 2 Ae 
ss Genie RRS tae Piatt iset, 10 1 1 be 
| | decade. Since these statistics were not readily available at many institutions, 4 
| the injury incidence presented in Tables 6 and 7 is based on 120 institutions i 
ne 
ig 
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TABLE 4 
Serious c cases of impairment attributable: to boxing in the past decade 
NUMBER OF CASES 
dial aiid “ne ba an Total 
| 
Wet mp. | ot | wp. | yo | M.D. | Both 
‘ Se — | ————| pane 
Brain concussion................... Bf ee g 17 19 
Dementia a (punchdrunk-} 
ee, eee l 4) 1 4 5 
MM os os 5c adc s be she tk > os 3 y ee re 2 5 
Intracranial hemorrhage. . 4* 3t 1 3 4 
Signs of mild dementia pugilistica. . 1 2 3 3 
Serious head injury................. 4 1 1 
General paralysis of right side and 
right extremities................. | 1 1 
Paralysis of motor occular nerve... . 1 1 ; | 








* Outcome was fatal. 
¢ Outcome was fatal in one case; motor aphasia and epileptiform seizures in 
another. 


TABLE 5 
Significant health disturbances directly pada to boxing in in the past decade 





NUMBER OF CASES 


Class program W ith competi- 


| 


CASE REPORTED only tive boxing Total 
Not M.D. Not | MOD. ‘| Not | M.D. | Both 
Mite... ccc. 5 i8 | 17 | B 17 40 
Broken tooth.................. 2 8 2 i110); 2 32 
Dislocated shoulder.............. : 1 21 22 | 22 
Fractured hands................. | 13 13 13 
Serious nose injury (surgical correc- 
eae, oh eet, pede. » l 12 1 12 13 
Ruptured tympanic membrane... .. 3 5 3 5 8 
Fractured nose..................... 3 1 3 1 4 
Persistent headache................ 1 2 1 | 2 3 
a ag a eg 3 3 3 
0 REA eee 1 1 | 1 
Subeute auricular perichrondritis 
(cauliflower ear).................. 1 1 1 
Hernia......... aie y Be sx 1 hae 1 
eye eters 1 l 1 
Fractured jaw.................. 1 1 1 
Fractured rib................... 1 1 1 
Fractured tibia and fibula....... 1 1 1 
Dislocated patella.............. &, l 1 1 








for 1948-49 and 72 schools for the academic years 1939-40 through 1947-48. 
The accuracy of reported figures remains speculative. For most institutions 
it is undetermined whether the statistics were secured from actual records 


or derived by conjecture. Although knockouts are usually regarded as im | 
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juries by the medical profession, they are distinguished from other injuries 
in the tables to facilitate comparison of the incidence of generally recog- 
nized injuries with previous researches (1, 2). The incidence of injury and 
knockouts at reporting institutions showed an increase for the academic 
year 1948-49 over the incidence of injury and knockouts for the academic 
years 1939-40 through 1947-48. This increase apparently occurred despite 
alleged emphasis to reduce the hazardousness of the activity, although the 
possible inaccuracy of reported figures, for academic years prior to 1948-49 
in particular, must, be recognized. 

A section designed to ascertain opinion about the place of boxing in 
institutions of higher learning was included in both questionnaires. This 


TABLE 6 
Incidence of injury in boxing during academic year 1948-49 


























NUMBER INJURIES | KNOCKOUTS NUMBER 
PROGRAM OF PARTICI- OF INSTITU- 
PANTS No. % No. % TIONS 
Physical education class program | | 
ee e378 2477 eae 03 8) 03 34 
Including competitive boxing.... 7058 , 89 113 | 179 2.6 86 
Total. .. Tis 9535 | 9 | 1.0 | 187 | 2.0 | 120 
TABLE 7 


Incidence of injury in boxing during academic years commencing 1939 and ending 





NUMBER INJURIES | KNOCKOUTS TOTAL NUMBER 





OF PARTICI- | | ,UMB | OF INSTITU- — 
PROGRAM ) oe I ‘i “2 1 r r= ee —_ : ~ ee 0 os | YEARS 
. | ass Laas Koper rsa ———o ; 
Physical educa- 
tion class pro- 
gram only... 6860 9/01 | 24) 04) 1 22 | 5.0 
Including compe- 
titive boxing 22562 | 178 | 0.8 | 424 | 1.9 29 | #5 | 6.4 
Total... 29422 187 | 0.6 | 448 | 1.5) 380 | 7 | 54 








opinion part consisted primarily of statements to which respondents were 
requested to indicate their judgment by either checking: (+) yes or ap- 
proval; (—) no or disapproval; or (?) preference being not to express an 
opinion. 

The general response elicited by statements on the questionnaire directed 
to physical education administrators is recorded in Table 8. Therein the 
opinion of individuals representing institutions that have had no boxing 
in the past decade is segregated from the beliefs of persons responsible for 
physical education for men at institutions that have had boxing during 
the past decade. The assumption underlying this differentiation is that 
more reliability can be affixed to opinion based upon experience with the 
activity than to opinion which is not founded upon experience. However, 
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it is recognized that some representatives of institutions which have not 
sponsored boxing of late may have had experience with the activity else. 
where. sas 

In over-all perspective the opinion of phy sical education administrators 
was favorable toward boxing. However, opinion concerning intercollegiate 
boxing was not decisive; the deciding vote lay in the group that was doubt- 
ful. It was noted that 49 per cent of the respondents representing institu. 






































; . As 
tions that have sponsored some boxing felt the need for more stringent 
P 
TABLE 8 h 
Prevalent opinion of physical educators about boxing Ph 
eee al 
NUMBER OF INSTITUTIONS : 
ES NN ——_——_—__— ] 
No tenieg (| With boxing Total if 
wnt — rte Saas are I 
+] =] 2+ +|/-l|?l+late Ma 
Desirability of the following: i H 
g instruction in physical education class hi 
Rp ECE sts ae oy 94| 56) 16/255) 28) 9/349) 84] 25 rt 
Competitive boxing in intramural program.. 71) 81) 16)159)104) 24)230)185) 40 Wit 
Intercollegiate boxing.............. | 71) 77| 16 128, 109 43/199)186} 59 
Boxing can or cannot be controlled so that it war-- | 
tants inclusion as an activity in: P 

Physical education class program. . e 103) 47) 14! 257 27 10|360) 74) 24 hi 

Intramural program................ eeNG 84| 65) 17/169, 94! 23/253)159) 40 I 

Intercollegiate program................... ..| 80} 66) 19|136 100) 48/216|166) 67 

Suitability of the following: moe = 

More stringent controls over competitive boxing, | | | 
than those of NCAA........... 57, 19| 70/131) 53, 87/188) 72)157 

Mandatory use of headgear without face mask in |_| Ss Pre 
all competitive contests . 81) 24) 41/154) 58) 48/235; 89 ag 

Mandatory use of headgear ‘with face mask in all | ae 
competitive contests . 39) 52) 50) 85106 59)124/158)100 

Required presence of a physician at all contests... 113) 3 27/236) 14. 27|349) 27| & 

Validity of the following: 

Boxing offers a unique type of educational expe- ea 
rience not to be found in any other physical edu- | Bo) As. 
SESS SS OE 64) 75) 39167) 85 36'231|160) 68 

Educational benefits generally credited to boxing p 
can be derived from other sports activities | if 
without the dangers present in boxing........ 106 33) 31) 125 108, 58/231/141) 89 I 

If weight of scientific evidence should indicate | Ma 
that competitive boxing presents an unwar- Pp 
ranted risk to participants, the educational | I 
value would still justify teaching boxing in | I 
SEER LSE 39/109} 29) 98157) 33/137 ve I 

; eS RS le ‘ Ma 
controls over competitive boxing than the regulations specified by the I 
National Collegiate Athletic Association. Thirty-two per cent of these in- : 
dividuals were undecided on the desirability of more stringent controls. Wit 


The opinion elicited by statements on the questionnaire submitted to 
health service directors is recorded in Table 9. As in Table 8, the response ; 
is divided into representatives of institutions that have not sponsored 1 
boxing within the past decade and directors at schools which have con- I 
ducted boxing since 1939. Similarly, Table 10 delineates the opinion & | — 
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» not TABLE 9 Ze 
else. Prevalent opinion of health service directors about boxing & 
NUMBER OF INSTITUTIONS ne 

ators ; : oa 
hy : No boxing | With boxing Total ais 
Bate i 
ae Tee Eee i 
titu- | \s commonly conducted, is boxing sufficiently | 4 
gent safe and appropriate for college men in: ie 
Physical education class program............... 85) 59) 16,196, 42) 9/281\101) 25 

Searels POORTAM... ..... 5... +> <> <ehp bn veneaee 72| 66, 23/141) 79 26 49 fi 
Intercollegiate program. ....................... 70| 60) 28)117, 82) 42 70 o 
wine Mandatory use of headgear without face mask in: . 
Physical education class participation.......... 84| 37) 22/149) 58) 24 46 ee 

ae Intramural competition. ....................... 83) 32; 23/139! 50) 30 53 a 
tal Intercollegiate competition..................... 53| 42) 37| 99| 74) 42 79 a: 
—— Intramural and intercollegiate practice sessions. .| 84) 28) 26/155, 27) 30; 56 ie 
= 4 Mandatory use of headgear with face mask in: me: 
Physical education class participation.......... 64 50, 29) 91/100) 33 62 a 

Intramural competition. ..................+.05% 47| 54) 35) 72) 98) 43 78 a 
Intercollegiate competition..................... 30) 65) 39) 43/117) 43 82 f, 

5 Intramural and intercollegiate practice sessions .| 54) 47| 34| 76) 89) 42 76 
4} = With control measures indicated above or written b 
‘ae in is boxing sufficiently safe and appropriate 2: 

# for college men in: a 

" Physical education class program............... 110) 28) 17/216; 21) 11 28 ny 

74) 4 Intramural program...................--0++e0:- 36 23/160 49) 24 47 he 
me Intercollegiate program. .................e.00- 84) 42) 25/130) 66) 35 214/108) 60 ie 
i 

157 TABLE 10 Ww 

‘4 Prevalent opinion of medical doctors serving as health service directors about boring t 

st NUMBER OF INSTITUTIONS ‘S 
108 ‘ 
97) 54 No boxing | With boxing Total $ 
. +/—-|? |} +/|—-|] ? i+] -] ? ? 
2 As commonly conducted, is boxing sufficiently safe ig 

60) 68 and appropriate for college men in: a" 
; Physical education class program............... 12} 9} 2) 47) 14 59) 23) 2 

% MATAR DTOGTAM. ... ooo once eee acer pak onpe 9 10) 3) 34 22; 4) 43) 32) 7 M 
41,9} Intercollegiate program. ...................+:-. 7| 10, 5| 24) 32) 6) 31\°42) 11 “ 
; ndatory use of headgear without face mask in: ¢ 
Physical education class participation.......... 12; 3) 2) 38) 13) 6) 50) 16 8 i 
Intramural competition. ....................++- 11; 2} 3) 36; 11) 9 47| 13) 12 i 
Intercollegiate competition...................+. 5) 5) 4) 26 15) 11) 31) 20) 15° i 
Intramural and intercollegiate practice sessions..| 9} 3) 3) 36) 8} 11) 45) 11) 14 i 
Mandatory use of headgear with face mask in: t 

Physical education class participation........... 10| 10, 1) 21; 25) 8} 31) 35) 9 : 

Intramural competition. ....................+-- 8} 6) 3) 19) 19) 12) 27) 25) 15 

Intercollegiate competition..................... 7, 5 4: 16, 21) 12) 23) 26) 16 i 
Intramural and intercollegiate practice sessions..| 9} 6) 3) 21) 18) 11) 30) 24) 14 a 

With control measures indicated above or written 

in is boxing sufficiently safe and appropriate ie 

for college men in: Kg 
Physical education class program............... 14; 4 3) 34, 10 48) 14) 3 4 
PUMPMNOUPE PTOSTAM. ... ..... voces since neccer 10, 6, 4 38 21) 3 27| 7 i 
Intercollegiate program. ...................++:- 7, 9 4/ 17| 27) 6 36) 10 a 
= ae 


= ee 


laa ae = ane 

















TABLE 11 
General comments of physical educators about boxing 








} 














| NUMBER OF I 
COMMENT | “ame” b With ee mM 
henint Picken Total hi 
Eliminate competitive boxing. ............................5.. L. 8 + mM 29 " 
Since: in 
Be Ganmot be controlied:.<)....:.................6.0 080... 2 5 7 ni 
Nature of sport is such that it cannot be controlled by rule) 
or equipment to offset major hazard—head injuries..... 2 2 
Cannot control matching; too much emphasis on winning... . | se 2 t 
Boxing is too dangerous above physical education classes) st 
gue to.intensity..................... eS eees eet 4 4 
Nature of the activity is not educationally sound; objective) o 
of boxing is not reconcilable as an objective of education..| 2 7 9 Ir 
Limit boxing to class instruction as a phase of safety skill 
development............... e aise Th ee ‘eo Sh a. 4 
An anti-social sport promoted among those needing social- 
De yea ay) 1 1 A 
Eliminate boxing................... Sey Viideaeraie eb eee 
Since: 
Success depends upon ability to injure.................... Ps") See 
Possibility of head injury overshadows any educational ad- 
vantages not covered by other sports Pe pS a Pe ie 
Continuous hitting on head is bound to leave detrimental) | 
ahs a kad. is. se kw 8 Bott... : tens eee ea 1 
Evidence indicates it is undesirable....................... (te te | 1 , 
Recommendations of professional organizations cited as C 
basis for elimination of boxing. . eB a ee ae I 
Non-controllable effects of spectators on participants ruin com-| | A 
petitive boxing..................... ON ores < coke eae tae 5 | & C 
Boxing can be a valuable, wholesome educative experience, if P 
Ea i RR Ra os Nasa <2 ig 4 4 a 
Boxing is a good sport and can be controlled................. 3 3 T 
Skeptical that boxing instruction is dangerous a iataainalem tie | 3 3 G 
Boxing is a good sport offering variety, nothing unique....... 1 2| 38 C 
Success of competitive boxing is dependent upon proper financial I. 
support and supervision.......... vs + es dea i |. S28 H 
Competitive boxing would be acceptable with scoring system - 8 
which de-emphasized hard blows and stressed ‘‘hit and get H 
away”’ principle............ re a EE Od ciao + sss Gea oe 2 1 3 I 
No other sport teaches the valuable lessons of boxing......... 2; 2 L 
Boxing in class and intramural programs is good if controlled. hu F 
Boxing instruction is desirable in physical education class pro- R 
gram as part of general education........... eS eee F 2 | 2 4 
No evidence exists that competitive boxing is harmful under 8 
NCAA rules; research evidence is needed................... 147 Pe N 
Approve of boxing with: | A 
Head guards and face masks..... PTE cee it tee ee, pg ; 4 ~ 
. Long training period in defense............. Edom psast 1° 
Complete record of internal and head injuries............... | ee ir 
No place for boxing as now promoted by many institutions... 1 |-3 
Wrestling is a better self-defense, combative activity......... | Ee Se C 
Boxing affords competition for the small boy................. aes a 
Those desirous of boxing should be allowed to box............ Sit ie, 
Need boxing in our educational programs; too many boys are be-| 
PE og Sk Rates a Qhig RASS SSA ah | ia Pp 
Headgear defeats purpose of boxing; makes for careless defense. . ke | st 
Biggest problem in competitive boxing is matching according to | er r 
EEG fe SPP eh ep ag ce nails eee 1 | | 
See neither much danger in boxing nor reason for promoting it) q 
unduly Waar «ent wrote 5 aps Melt ake s sor os Cea G.¥. 2 RPS Paper nef k ft eet p Ang W 
Studies of possible permanent injury indicate that boxing must 
be carefully controlled................. pectin. T2.. . « peiecat eo | oo P 
Boxing is not administratively feasible; too expensive, danger-| 
ous, and impractical............... a, See 8 ee es | 4 
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medical doctors serving as health service directors at institutions which 
have or have not conducted boxing recently. While the viewpoints of medi- 
cal doctors are included in Table 9, these beliefs are presented separately 
in Table 10 in view of the specialized training and interest in the mainte- 
nance of health which characterize their proponents. 

As in the case of physical educators, the opinion of health service direc- 
tors was generally favorable toward boxing. The majority deemed boxing 
sufficiently safe and appropriate for college men. However, the percentage 
of approval was greater for instructional boxing than for competitive box- 
ing. It was noted that the plurality of all medical doctors and of those serv- 


TABLE 12 


Additional safety measures deemed necessary by health service directors for intercol- 
legiate competition 














SAFETY MEASURE With boxing 
be I bererenecrn ge 
vse et | cD 
Close supervision ws P ep ble ba tas eat ee ae ee 15 12 6 33 
Proper conditioning for participants. .................. 7 ll 3 21 
IOLEG, . . ... 5s 5 1 .5'sw inl sb, sabia mite 8 8 2 18 
Complete medical examination..................... es so 9 5 18 
Proper matching (including ability).................... ee 6 2 9 
emeent oor nadding: .... 5.5. . iss. becin vs bees cedure on or 4 2 7 
IED «5, ks 4... > s 2.0 gah o 0 0a d apd bale a pe cee 5 2 7 
Seaeentare (Uns)... oo, baw s chat Ope enee 1 1 1 6 
nee... se... Shs 2 2 1 5 
EOwOR.......... cdecs chee net bee peeee eben eres 3 1 4 
Hand wraps Pe OT ee - 2 1 4 
Stop bout when danger appears imminent.............. | 3 1 4 
Heavier gloves ib 3S Sige db ae eee a i ipo 1 1 3 
16 ounce gloves hin (od) kan <san e | 3 3 
Headgear. ne 0's bg.gtethg a nD a eee 2 1 3 
Follow-up of injuries and knockouts. .................. mae 1 2 
Revised scoring—reduce or eliminate head blows....... 1 1 2 
EE POCO Fee BESS ee 1 2 
ee rr Pen oe vey 1 1 
No competition. . vie oes dhl A ew ees: 1 1 
RE GURDOTLCT ok o's. ds - srintnneed Vee oe 1 1 














ing at institutions that have sponsored some boxing disapproved of inter- 
collegiate boxing for college men both as commonly conducted and with 
additional control measures and supervision of health factors. 

Space was provided on both questionnaires for enlargement of any view- 
points about the place of boxing in higher education. In Table 11 the key 
statements or basic tenets of comments made by physical education ad- 
ministrators have been categorized. The comments expressed on the health 
questionnaire were similar. In Table 11 the various opinions are listed along 
with their frequencies of mention. Since more physical educators who op- 
posed boxing as an educational activity expressed comments than those 
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who favored its acceptance, these notations do not present an accu 


proportioneted picture of general thought. Nevertheless, they do illustrate 


the many and varied viewpoints about the activity. 

Respondents to the questionnaires were requested to enumerate any 
additional safety measures deemed necessary for boxing in the various 
programs. Table 12 delineates the measures suggested for intercollegiate 
competition by persons responsible for health services. Close supervision 


was mentioned most frequently on the health questionnaire as an additional — 


safety measure for all programs and practice sessions. Adequate instruction, 
complete or thorough medical examination, and proper conditioning for 
participants comprised the next most frequently mentioned safety meas- 
ures for all programs. These same controls were among those suggested the 
greatest number of times on the questionnaire submitted to physical edu- 
cation administrators. 


SUMMARY 


The findings of a questionnaire study to ascertain the status of boxing in 
institutions of higher learning have been presented. These findings dis- 


closed the extent to which boxing has been sponsored since 1939, facts 4 


dealing with its conduct, and opinion about the activity as expressed by 
physical education administrators and persons directly responsible for 
health services. 

A 78 per cent response was obtained from 794 colleges and universities 
in the United States. Forty-two per cent of the responding institutions 
sponsored boxing (instructional, competitive, or both) during the academie 
‘year 1948-49. 

Boxing was regarded as both desirable and controllable in physical 
education class, intramural and intercollegiate programs by the majority 
of responding physical education and health service administrators. A 
greater percentage favored the activity in the physical education class 
program than approved of competitive boxing in the other two programs. 
The plurality of physical educators favored more stringent controls over 
competitive boxing than those generally followed. The majority of medical 


doctors serving as health service directors disapproved of intercollegiate — 


boxing. 
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Achievement Tests for Beginning and 
Intermediate Tennis 


Marion R. BroerR 

University of Washington, Seattle 
and 

Donna Mai MILLER 

University of Colorado, Boulder 


Tue WOMENS’ PHYSICAL EDUCATION Department 
at the University of Washington, through its Grading Committees,* 
has undertaken a long-term project which is designed to standarize and 
improve grading procedures in various activities. This department is 

‘tempting to devise some objective, reliable, and valid means of measuring 
xe achievement of the students in various activities in botn the skill and 
knowledge areas. 
It is the purpose of this article to report the progress made in setting 
up such tests in tennis together with certain statistical data obtained to 
date. 


Comprehensive Knowledge Test 
I. Original Test 


A. Content 

The various members of the staff teaching tennis conferred and dis- 
cussed subject matter to be covered in beginning and intermediate 
tennis courses. Test items, for the most part, were based on the minimum 
essentials set up as standards for teaching by this committee. As will 
be pointed out later, this procedure was used to establish the curricular 
validity of the test. 

An experimental test was given to 87 students. This original test 
consisted of 100 questions which were separated according to content 
into the following question types: 

PartI True-False 
Position, Timing, Footwork 
Fundamental Strokes 
Advanced Strokes 

Part II Multiple Choice 
Strategy and Court Position 


* Other members of the Tennis Grading Committee were Helen McLellan, Leone 
Rulifson, Kathro Kidwell, Katharine Fox, and Emma Spencer. 
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Part III Completion 
History, Events, Equipment 
Part IV Matching 
Advanced Strokes 
Part V Yes-No 
Rules and Scoring 
Part VI Identification 
Court Markings 
Strategy 
The test questions and directions were put in mimeographed form and 
given to the students who were asked to make notations on any items 


‘which they could not understand or which they questioned. 


B. Statistical Analysis 
1. Reliability 
The reliability of the original test was taken on all 87 cases and 
was computed to be .84 as determined by the split halves method and 
the Spearman-Brown Formula. 
2. Curricular Validity 

To satisfy the curricular validity, three techniques were used. 

(a) Test items to be included on the original test were determined 
by an analysis of the knowledge tests already available in this 
area, textbooks, and the minimum essentials set up as stand- 
ards for teaching by the tennis committee of the Womens’ 


Physical Education Department of the University of Wash- © 


ington. 
(b) Everything covered in the test was included in the curriculum. 
(c) The percentage of test items dealing with each phase of the 
activity agreed as much as possible with the emphasis placed 
on that particular phase in the course of study. 
3. Item Validity : 

The item validity was found by the upper, lower thirds method. 
The test papers were divided into upper, middle and lower groups 
according to total score. Since there was a total of only 87 test papers, 
the 30 with the highest total scores were used as the upper third and 
the 30 with the lowest total scores were used as the lower third. The 
percentage of each group (upper and lower) who failed each item was 
calculated and the phi coefficient for the item determined.! The phi 
coefficient of each item was found in order to show whether or not 
the item as worded in the test was useful in discriminating between 
those who did well on the entire test and those who did poorly. Fora 
group this size a coefficient of .3 was necessary to be acceptable at the 
1 per cent level of confidence (to bes sure that the item would discrimi- 
nate in 99 cases out of 100). 


1C. E. Jurgensen, “Table for Determining Phi Coefficients,’’ Psychometrika, 


12: 17-29, March, 1947. 
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II. Revised Test 


Those questions with a phi coefficient of .3 and above on the original 
test were left as originally stated. The items which students had questioned 
or which showed a phi coefficient under .3 were revised. All these items were 
re-stated to include the same information in different words and often in a 
different question form. 


A. Content and Question Type 

The question types included on the revised test are as follows: Multiple 
True-False, Multiple Choice, True-False, Short Answer, Matching, and 
Identification. No attempt was made to place items dealing with certain 
phases of tennis into a specific question type as was done on the original 
test. For example: all test items dealing with rules were placed in a 
“‘ves-no’’ type of question on the original test. It was felt that the relia- 
bility and validity of certain items would be improved by placing them 
in another question type. 








TABLE 1 
Number and percentage of items devoted to each phase of tennis 
PHASE NUMBER | PER CENT 
Equipment Pye fe 3 2.3 
Deo ke ORR 4 3.1 
ES Sih vo, . cae Sad ole on 6 4.7 
Rules and Scoring es 44 34.4 
Strategy... hee 19 14.8 
Techniques... . Behe 52 40.6 


128 99.9 





A few questions concerning etiquette, rules and tournament play were 
added to the revised test, increasing the total number of items from 100 
to 128. The Multiple True-False section replaced the Part I True-False 
section on the original test. Blanks were uniformly arranged on the right 
hand side of the paper for easy scoring. The number and percentage of 
items devoted to each phase of tennis in the revised test are presented 
in Table 1. ‘ 


B. Statistical Analysis of Revised Test 

1. Reliability 

The reliability of the revised test was figured on 297 cases of 
beginning students and 46 intermediate students. It was computed 
by the same method as the original test which was by correlating the 
odd and even items (split-halves method) and correcting to actual 
length by the Spearman-Brown prediction formula. The reliability 
coefficient for the beginning classes was .82 + .013, for the inter- 
mediate classes .92 + .015, and for the combined beginning and 
intermediate classes .86 + .009. 
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2. Validity 
The item validity was computed only on the 297 tests taken by 
the beginning classes since there were too few cases for such a study in 
the intermediate group. The method for determining item validity 
was the same as that used on the original test. With 297 cases, the 8&8 
(29.6%) papers with the highest total scores were used as the upper the 
group and the 88 (29.6%) papers with the lowest total scores were used 
as the lower group. This percentage of the papers was selected since mi 
this was the point nearest 27% where a natural break in scores oe- | qu 
curred. The percent of each of these groups who failed each item was | jay 
calculated and the phi coefficient for the item determined. For a tes 
group this size a coefficient of .226 was necessary to be acceptable at 
the 1% level of confidence. 

While on the original test approximately 30 items showed a high 
discrimination index (see appendix I), on the revised test approxi- 
mately 70 items showed a high discrimination index. In addition about es 
20 other items on the revised test had a phi coefficient of .150 and above 
which would indicate that, with some revision, these would show ace- 
ceptable discrimination. In several cases where these items did not 
discriminate the total difficulty of the item was low. These figures 
cannot be taken as final since classes taught by five different instructors 
were involved. In spite of previous agreement on the curriculum, three 
of the five instructors reported that they had not covered all of the 
material. This, of course, lowers curricular validity and at the same 
time definitely affects the discrimination results. For example: 68, 76, 
77, 78, 93, 94, 95, 97, 103 were items which were not taught by some of — 
the five instructors involved and, as shown by the table in the Ap- 
pendix, these items have either a negative or very low phi coefficient. 
For seven items the phi coefficients were higher on the original test - 
than on the revised test. This would indicate that changes which were 
made on the original test. items were not satisfactory in these cases. 

Table 2 shows the range of scores on the entire test for begin- 
ning and intermediate students. A comparison of the two distributions 
can be used as an indication of validity of the total test. It is evident : 
that the intermediate students did better on the test than the begin- 
ning students. The beginning group was large enough that the scores 
should show a fairly normal distribution and Table 2 indicates that — 
these scores do fall into a fairly normal distribution. The mean score — 
for this group was 48.2? with a sigma of 12.5. The intermediate group 
was so small that a completely normal distribution could not be ex- 
pected. One score is so far below the entire group that the sigma with , 
this score included is 11.5, which is quite large. Without this score the : 
mean for this group is 28.5 and the sigma is 8.8. The scores also indi- | 
cate that the range was adequate to classify students, on the basis of 
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2 Number of items missed. 
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knowledge, into A, B, C, D, E, groups and therefore the test was 
useful as a grading device. 


lI. Summary and Conclusions 


The Comprehensive Knowledge Test has been found to satisfy most of 
the criteria for a good test. 

The test is completely objective. It can be easily administered in 50 
minutes. Since all blanks are uniformly arranged for easy scoring, it re- 
quires very little time to correct. The physical and technical make-up, 
language, and general construction satisfy the approved criteria for a good 


test. 

















4 TABLE 2 
Range of scores on comprehensive knowledge test 
NUMBER ITEMS MISSED BEGINNING INTERMEDIATE 
"43-17 | \, 4 
18-22 3 8 
23-27 17 \a5, 8 
38-32 18 15 
33-37 30 4 
38-42 | 36 1 
43-47 38 .3 
48-52 49 2 
53-57 | 43\>4 
58-62 31 
63-67 14 
68-72 | 9/3 | 
73-77 6 8 i? 
78-82 2 
297 46 
Beginning: Mean 48.2 Sigma—12.5 
Intermediate: Mean—29.4 Sigma—11.5 
* Without this one low score the mean for the intermediate group is 28.5 and the 


sigma is 8.8. 


The reliability for the beginning group was found to be .82, for the 
intermediate group .92, and for the combined group .86. The percentage 
difficulty of indiyidual questions ranged from 3.7 to 93.9 per cent. The 
range in total scores was from 13 to 82 for the entire group. A comparison 
of the two distributions indicates the validity of the test. Since the test 
sea a normal distribution of scores, it was possible to use it as a grading 

evice. 

When the test was constructed, it was felt that curricular validity would 
be satisfied since everything covered in the test was included in the eurricu- 
lum; however, it was found that certain items were not taught by some of 
the instructors and that this affected both the curricular validity and the 
item validity. Curricular validity was satisfied to the extent that the per- 
centage of test items dealing with each phase was agreed upon by the com- 
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mittee and corresponded, as much as possible, with emphasis placed on 
that particular phase during the course. 

All items have not been shown to be highly valid and considerable more 
work needs to be done in the revision of some of these. However, 70 items 
on the revised test as compared with 30 items on the original test showed 
a high validity. In addition about 20 other items showed a nearly acceptable 
validity. As already pointed out, the validity of nine items was decreased 
by the fact that certain instructors did not teach some of the material 
outlined in the curriculum. 

The test itself has been useful as a knowledge grading device since test 
scores have enabled the various instructors to classify students into A, B, 
C, D, E groups with ease. Procedures formulated in the construction of this 
test have served as a guide to grading committees in other activities in the 
construction of written examinations. 


Forehand-Backhand Drive Test 


I. Purpose 


A constant need has been felt for an objective skill test which would 
help define the performance necessary for grades A, B, C, D, E and which 
might also serve to classify the students near the beginning of the term 
into beginning, intermediate, and advanced groups. The one tennis skill 
test which has been studied extensively is that constructed and reported 
by Joanna Dyer.’ Since the Dyer Test gives one score as a measure of tennis 
ability in general it does not indicate in which primary area a student’s 
weakness lies. While this test is on the whole administratively economical 
to conduct, its use with large numbers is limited by the availability of a 
tennis backboard or a fairly extensive free wall space. 

The usefulness of available tests to measure skill in the forehand drive 
and backhand drive has been limited by inadequate statistical study on 
such tests. The primary purpose of this experimental study, therefore, was 
to determine, as far as possible, the effectiveness of an extremely simple 
objective skill test in tennis which could be used as a grading device as well 
as to point up relative weakness and strength in forehand and backhand 
drives. 

Probably the greatest obstacle in setting up a valid and reliable tennis 
drive test has been the difficulty of putting the ball into play in such a way 
that every student would have an equal opportunity for success. A good 
ball throwing machine which can be set to toss balls within a certain speci- 
fied small area is the best answer. Every school cannot afford the luxury 
of such equipment, but the problem of grading is always present. 

In an attempt to find some grading device which would be objective, 
which would do away with the necessity of tossing the ball to the student, 
and which would be easily as well as quickly administered, the following 
test was tried. 


3 Joanna Thayer Dyer, “Revision of the Backboard Test of Tennis Ability,” 
Research Quarterly, 9(1): 25-31, March, 1938. 
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II. Subjects 


The subjects for this study were a group of 59 beginning and intermediate 
tennis players. Group I consisted of 27 students participating in an inter- 
mediate tennis class and Group II consisted of 32 students in a beginning 
tennis class. 


Ill. Description of Test 


The test was designed to measure students’ ability to place forehand and 
backhand drives into the backcourt area. It consisted of hitting a given 
number of balls so that they would pass between the top of the net and a 
restraining rope placed above the net, and of attempting to place these 
balls into the back 9 feet of the court. The ball was put into play by the 
student bouncing the ball to herself. 

A. Equipment 

1. One regulation court. 

2. One regulation net with a rope stretched 4 feet above the top of 
the net. Note: The most effective drives are those that are hit with 
a good deal of force into the backcourt. This restraining rope is a 
device to measure, to a degree, the force of the drive. A ball passing 
between the net and this restraining rope and landing in the back- 
court area must have been hit with more force than a bail going 
high (over the rope) and landing in the same area. Driver con- 
structed a tennis test which made use of the restraining rope placed 
7 feet above the top of the net.* However, during experimentation 
it was observed that a restraining rope placed that high did not 
discriminate between players of varying ability; i.e., it was possible 
for a player to hit balls slowly and with little force 7 feet high and 
have them hit in the backcourt and therefore score as high as a 
player who hit fast low drives. 

. One racket and 15-20 balls in good condition. 
. Score sheets for each player (see Figure I) and pencils. 
. Special court markings (see Figure I). 

a. Two chalk lines drawn across the court 10 feet inside the 

service line and 9 feet outside the service line and parallel to it. 

b. Two chalk lines drawn across the court 5 feet and 10 feet 

respectively outside the baseline and parallel to it. 

c: Chalked numbers in the center of each area to indicate its 

scoring value. 

B. Test 
1. The player taking the test stands behind the baseline, bounces 
the balls to herself, hits the balls and attempts to place them in 
in the back 9 feet of the opposite court. 
2. Each player is allowed fourteen trials on the forehand and fourteen 
trials on the backhand. 


oe 


‘Helen Irene Driver, Tennis for Teachers, Phila., Penn.: W. B. Saunders Co., 
1941, p. 163. 
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3. In order to score the values as shown on Figure II, balls must go 
between the top of the net and the rope and land in the designated 
area or on lines bounding the area (balls landing on a line receive 
the highest score for that area). 
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4. Balls which go over the rope score one-half the value of that area 
in which they land. 

5. If the player misses the ball in attempting to strike it, it is con- 
sidered a trial. 

6. Let balls are taken over, 

C. Scoring® 

1. The number of each trial is marked on the score card diagram in 
the same relative position as the ball landed on the court. (See 
Figure I). 

2. Each ball hit is scored 2-4-6-8-6-4-2, depending upon the area in 
which it lands. Note: Each ball going over the rope is scored one- 
half the value of the area in which it lands (this may be indicated 
by circling the ball number on the scoring diagram). 

3. The total score equals the sum of fourteen balls on the forehand 
and fourteen balls on the backhand. 





IV. Statistical Analysis 


A. Reliability 

The reliability of the test was computed by correlating the total score 
of the first 7 balls on the forehand plus the first 7 balls on the backhand 
with the total score of the second 7 balls on the forehand plus the second 
7 balls on the backhand and predicting* the validity of a test twice as 
long. The reliability for the beginning group was shown to be .80 + .047, 
and for the intermediate group was shown to be .80 + .043. 


B. Validity 

mbes It was decided that, prior to the student’s taking the test, the in- 
only structor and other judges. who were qualified tennis instructors, would 
make comparative ratings of the student’s ability according to certain 
standards set up by the Tennis Grading Committee. The purpose of this 
procedure was to validate the test as a method of grading form on the 
forehand and backhand drives. These subjective ratings given to the 
students by the instructor teaching the class and by the other selected 
judges were used as the criteria. In the intermediate group (Group I) 
ratings were given by the instructor and one judge. In the beginning 
group (Group I!) ratings were given by the instructor and two other 
judges. 

The validity of the test was computed by correlating the ratings given 
to the student by the various judges with the students’ performance on 
the test. In Group I (intermediate) the correlation of the two judges’ 
combined subjective rating with the test was .85. The correlation between 


'Since the test was designed to measure the ability to place the drives in the 
t go. back court, it was necessary to give some scoring value to those areas which are just 
ated outside the desired area. Trials which hit a few feet beyond the back 9 feet of the court 
eive should not be penalized any more than those which hit a few feet short—even though 
“ those which are short hit within the court. 
* Spearman-Brown Prophecy Formula. 





Blea F 








312 RESEARCH QUARTERLY 


the instructor’s subjective rating of the student and the test was .87 
while the correlation between the subjective rating made by Judge 2 and 
the test was .74. The subjective ratings of these two judges showed a 
correlation of .83 (See Table 3). 

In Group II (beginning) the correlation between the combined sub- 
jective rating of the three judges and the test was .61. The correlation 
between the instructor’s subjective rating and the test was .66. The cor- 
relations of the subjective ratings made by Judges 2 and 3 with the test 
were .47 and .46, respectively. The subjective ratings of these three 
judges varied greatly as shown by intercorrelations of .56, .58, and .35 
(see Table 4). 





TABLE 3* 
Correlation of subjective ratings and test scores on forehand-backhand drive test 
JUDGES JUDGE 2 | TEST SCORE 
Judge 1 (Instructor). is ecmueieete . 5 82 87 BE; 
SOME SR aa pee le 74 
Average of Judges 1-2............... 85 





* Group I (Intermediate). Results ‘obtaine xd on 27 colle “ge women in . the inter- 
mediate tennis class. 











TABLE 4* 
Correlation of subjective ratings and test scores on forehand- backhand drive test 
JUDGES i JUDGE 2 jupcE 3 TEST SCORE 
Judge 1 (Instructor)............ i a 56 58 66 
ie 5 A RR 35 47 
Matt tes... SPA 46 
Average of 1-2-3................... 61 





* Group II (Beginning). Results obtained on 32 college women in the beginning 
tennis class. 


Lower correlations are to be expected with beginning groups due to 
the fact that beginners are less consistent. This also partially accounts 
for the higher validity correlation between the test score and the sub- 
jective judgment of the instructor of the class who was well acquainted 
with their abilities. The judgment of the other tennis instructors was 

* based on one day’s observation only. 


V. Summary and Conclusions 


The results of this test are based on very small groups and can, therefore, 
only be taken as indications. 

The test as constructed here with fourteen trials of each drive (forehand 
and backhand) seems to be fairly reliable. 

The test seems to be more valid for the intermediate group than for the 
beginning group since the validity coefficients obtained by correlations 











 ,~ swim ain Ch wh we Geo we 2 = oh fee 








is .87 
2 and 
ved a 


- sub- 
lation 


2 Cor- 
e test 


three 


d 35 


est 





inter- 


fore, 











ACHIEVEMENT TESTS FOR TENNIS 313 


between the judges’ subjective ratings of the students and the results of 
the test were very low for the beginning group and acceptable for the inter- 
mediate group. However, the ratings of Judge 1, who was the instructor of 
the class, agree more nearly with the test scores than with the subjective 
ratings of either of the other judges for the beginning group. Judges 2 and 3 
agreed more with Judge 1 (instructér) than with the test scores but less 
with each other than with the test scores. The agreement between subjective 
ratings and the test is, in general, higher than the agreement between the 
subjective ratings of the various judges grading the classes. Therefore, the 
test can be said to be an improvement over the judgment of qualified 
tennis instructors as a means of grading forehand and backhand form. The 
validity correlations are high enough, particularly between the instructor’s 
subjective judgment and the results of the test, to warrant more intensive 
investigation. 

It was found that approximately 30 students can be tested in one hour 
with one instructor recording. It would be very possible to teach the 
students to record for each other and the testing time would then be negli- 
gible. 

The test shows promise of being a practical and useful objective grading 
as well as a classifying device. 


SELECTED REFERENCES 


Driver, HeLen Irene, Tennis for Teachers, Philadelphia, W. B. Saunders Co., 1936, 
p. 162-163. 

Dyer, JoaNnNA THayer, ‘““The Backboard Test of Tennis Ability.’’ Research Quarterly, 
6: 63-74, March, 1935, Supplement. 

Dyer, JOANNA THayer, ‘“‘Revision of the Backboard Test of Tennis Ability.’’ Re- 
search Quarterly, 9: 25-31, March, 1938. 

Frencu, Estuer, ‘“The Construction of Knowledge Tests in Selected Professional 
Courses in Physical Education.’’ Research Quarterly, 14: 406-422, December, 
1943. 

Guiassow, Rutu B., anp Marton R. Brogr, Measuring Achievement in Physical 
Education, Philadelphia, W. B. Saunders Co., 1938. 

Hewitt, Jack E., ‘Comprehensive Tennis Knowledge Test.’’ Research Quarterly, 
8: 74-84, October, 1937. 

Hewirr, Jack E., ‘Improving thesConstruction of the Essay and Objective New 
Type Examination.”’ Research Quarterly, 10: 148-153, October, 1939. 

JurGENSsEN, C. E., ‘“Table for Determining Phi Coefficients,’’ Psychometrika, Volume 
12:1:17-29, March, 1947. 

Scorr, M. Giapys, ‘“‘Achievement Examinations for Elementary and Intermediate 
Tennis Classes.’’ Research Quarterly, 12: 40-49, March, 1941. 

Sveti, CATHERINE, ‘‘Physical Education Knowledge Tests.’’ Research Quarterly, 
7: 84-87, May, 1936, 6: 78-79, October, 1935. 














APPENDIX I 


Difficulty and item validity ratings 
Knowledge Examination 


























Na %D %I | %2 PC: 

1 7.1 Bat cd: .18.6 0 

2 9.8 11.4 | 011.4 .450* 

3 5.4 3.4 9.1 : 

4 5.4 1.1 3.4 — .033 071 
5 8.4 6.8 12.5 | 085 
6 23.2 20.5 34.1 | 158 
7 21.2 11.4 30.7 .246* 
8 28.6 20.5 | 44.3 | .257* 
9 9.1 91 | 12.5 333° | 049 
10 14.5 3.4 12.5 264 171 
11 44.4 23.9 63.6 .403* 
12 16:2 4.5 25.0 .130 .298* 
13 26.9 18.2 38.6 — .050 .220* 
14 8.1 5.7 11.4 229 .090 
15 6.1 3.4 12.5 —.184 171 
16 53.9 45.5 71.6 551% | .700* 
17 37.7 32.9 50.0 0 | 173 
18 74.7 A ee ale | 163 
19 13.5 62 | 17.0 277 102 
20 55.9 48.9 55.7 .060 
21 3.7 2.4 10.2 (| 154 .168 
22 58.9 50.0 644.8 | 152 
23 3.3 | 9.1 40.9 — .073 .370* 
24 52.9 | 39.8 65.9 | .260* 
25 50.2 40.9 | 61.4 | .200 
26 12.8 100.2 | 18.2 0 115 
27 40.7 | 42.0 39.8 | 131 — .020 
28 20.9 | 69 | 24 | 229 145 
29 Fe ee 26.1 039 110 
30 S32: +? 18:3 22.7 075 .062 
31 199.2 | 22.7 18.2 — 158 —.049 
32 03 |..%.4 34.1 143 065 
33 26.3 22.7 30.7 | .090 
34 55.6¢ | 35.2 80.7 309 .466* 
35 46.8 | 45.5 54.5 — 153 .080 
36 Oo | 37.0. 33.0 325 185 
37 2.9 | 12.5 44.3 .356* 
38 8.1 ° 4 3.4 28.4 .345* 
39 47.8 | 39.8 56.8 | .170 
40 MS... 4 Amd | 00:7 551" 
41 82.5 | 71.6 93.2 .276* i 
42 65.7 | 4.9 | 87.5 271 .499* 
43 53.5 | 10.2 79.5 .694* 
44 62.2 | 18.2 84.1 286 .660* 
45 498 | 13.6 86.4 219 .720* 
46 65.0 | 50.0 93.2 184 | 476" 
47 I 4.5 10.2 0 118 
48 15.5 | 13.6 19.3 067 
49 5.1 2.4 4.5 059 
50 7.5 6.8 12.5 085 ’ 





* Items discriminating at the 1% Level of Confidence. 
N- Number of item on revised test. 
%D Per cent of people missing item. 
1 Per cent of upper group missing item. 
‘2 Per cent of lower group missing item. 
1 Phi coefficient of each item (discrimination rating) on original test. 
PC, Phi coefficient of each item on revised test. 
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APPENDIX I—Continued 








} 

















%A %o2 PC: PC: 
5.7 .140 -185 
14.8 14.8 
0 5.7 056 -176 
2.4 11.4 183 
30.7 37.5 .280 074 
17.0 35.2 143 - 205 
2.4 14.8 115 .233* 
37.5 53.4 .229 .161 
3.4 4.5 -051 
1.1 13.6 .247* 
27.3 34.1 .076 
4.5 28.4 .327* 
23.9 49.9 .336* .260* 
19.3 77.3 .389* .580* 
26.1 70.5 .362* .440* 
25.0 78.4 .634* .540* 
43.2 64.8 105 .221* 
95.5 94.5 241 .022 
10.2 76.1 312 .667* 
3.4 28.4 . 264 .345* 
17.0 28.4 . 132 
20.5 64.8 173 .455* 
18.2 62.5 .092 .496* 
13.7 56.8 154 .449* 
17.0 83.0 297 .660* 
29.5 42.0 .430* 125 
65.9 72.7 .370* .076 
40.9 29.5 .601* 125 
3.4 20.5 .476* .277* 
12.5 25.0 .488* 153 
37.5 48.9 .436* 121 
40.9 73.9 .300 .334* 
10.2 34.1 -283 .290* 
38.7 52.3 .389* 131 
11.3 30.7 0 .246* 
7.9 23.9 .140 .218 
11.3 29.5 .235* 
28.4 58.0 125 .303* 
2.4 14.8 .229 .233* 
28.4 54.5 056 .264* 
52.3 75.0 .138 .239* 
13.7 28.4 .190 172 
50.0 50.0 -266 0 
42.0 47.7 -060 
29.5 35.5 207 -085 
56.8 95.5 173 .453* 
6.8 8.0 .264 -019 
59.1 95.5 .488* .428* 
14.8 81.8 .606* .670* 
68.2 95.5 .343* .364* 
20.5 30.7 .266 -114 
21.6 40.9 . 266 .205 
94.3 95.5 241 046 
13.7 44.3 .280 .331* 
48.9 70.5 305 .225* 
10.2 56.8 .498* 
51.1 98.9 . 554* 
55.7 96.6 .483* 
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APPENDIX I—Continued 
Difficulty and item validity ratings—Concluded 
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y PC: 
109 64.0 42.0 92.0 .474* 
110 30.0 8.0 54.5 .532* 
lll 50.2 30.7 69.3 .515* 
112 54.6 28.4 84.1 .471* 
113 42.8 30.7 68 .2 .531* 
114 78.1 56.8 97.7 .219 
115 60.6 j 34.1 83.0 .297 
116 63.0 40.9 87.5 .390* 
117 79.8 63.6 88.6 .173 
118 26.3 4.5 47.7 .589* 
119 51.9 39.8 74.0 .074 © 
120 31.0 9.1 52.3 .047 
121 33.7 17.0 61.4 .425* 
122 12.1 1.1 | 26.1 — .074 
123 21.9 18.2 38.7 .362* 
124 6.4 2.4 14.8 .395* 
125 41.8 20.5 54.5 — .074 
126 76.1 48.9 94.3 .503* 
127 60.3 26.1 88 .6 .461* 
128 64.3 35.2 79.8 .578* 








APPENDIX II 
Comprehensive Tennis Examination 
University of Washington 
Se Ass VAs dims KETO EEL Score Summary 


1. Multiple True-False 
| PRES ae. Fe 2. Multiple Choice 

3. True-False 
Answer all questions as for right- 4. Identification 
handed players. 5. Completion 

6. Matching 

‘ 


. Identifieation 





Total 


Part I. Multiple True-False: If the statement is entirely correct, encircle the “T.” 
If the statement is totally or partially incorrect, encircle the “F.” 


A. Loss of force in a forehand drive stroke results from 





1. transferring the weight from the rear foot to the foreward foot........ T F 
2. using a long backswing. My pee Oo SES ae ita 
3. holding the elbow close to the SR Sh Se REET ie 
B. When using the Eastern forehand grip 
4. the player shakes hands with the racquet. T F 
5. the same racquet face contacts the ball on . the forehand and back- 
yy OTIS UNIS SS aoa ia ia eae SG a F 
6, the thumb curves around the handle of ‘hs eC ae T F 
7. the forefinger is extended directly up the handle of the raequet........ T F 
8. the racquet face should be perrendicul ir to the ground when the 
player grasps the racquet.. gy EO. ca far F 
C. At the moment of impact with the ball 
9. the racquet should be held loosely. Pe eer T F 
10. the racquet head should be lower than the wrist...... T F 
11. the racquet face should be closed... T 2 








4 eae Are 
> Mc Be Ne? | = 


er Nee ba | 
> Be] 








G. 





. In order to insure proper timing a player should 
12. wait until the ball bounces before moving into position for the stroke. T 
13. take the backswing while moving into position....................... 
14. keep weight on her heels... . isidiise 04 6565 «1.2, ci eee ee T 
15. attempt to get in the direct path of the ball....................... T 
. Putting top spin on the ball 
16. increases the speed of the ball....................0. ccc. cc cceeuuueee T 
17. makes the ball stay in the air longer.............................4. T 
18.°makes the ball bounce lows: 65 60335856 oe. Rs as. bs A Oe 
. In serving, the ball should be 
19. tossed as the racquet begins to swing down and back............. T 
20. released when the hand is approximately at shoulder level......... T 
21. hit with the racquet arm fully extended........................... T 
me. Bit above the right GROWER. oo Fico e csi os vo nnacne bie ee T 
When executing a volley stroke 
23. a shortened swing should be used........................0.0esueees T 
24. the elbow is extended throughout the stroke...................... T 
25. the ball should be met well in front of the body................... T 
. In executing the forehand drive 
26. enon renee should be in the direction of the intended ball a 
RIAD 5. <5 0-4.» nin sighedugl & 003s saa peracetic 0k ae 
27. one should attempt to hit the ball when it is in line with the left foot.. T 
38..one should face the right OUGG. |)... 5... oceevensssscsnaevu nase aman T 
29. one should attempt to play the ball when it is waist high........... T 


. In executing the backhand drive 


30. the palm of the racquet hand should be facing the ground with the 


thumb extended along the left side of the handle.................. T 
31. the right shoulder should point toward the left alley at full backswing T 
32. the racquet should lead the arm on the forward swing............. T 
33. the left foot should be nearer the alley than the right foot............. T 

. In executing a drive, a beginner should 


34. stroke the ball on the rise or as soon after the bounce as possible.... T 

35. look at the spot where she wants to place the ball..................... T 

36. strive to get height in the ball flight in order to send drives to the 
back court sae pie’ be bee Bekins cote aM sce a wa a 5) 2a 


. Lobs should 
37, be made only at the met... ods suess te ndsirss +> see Res hae T 
38. be used to force the opponent from a position near the net......... T 
39. have a backswing which looks like a drive backswing except that it is 


gightly shorter. ¢.. 20:6 +: sscacsmamee heaps e << ow 0 Rela enn Ga 


. In the American twist service 
40. the racquet contacts the ball behind the head...................... T 
41. the follow-through is near the left ankle.......................... T 
42. the bounce of the served ball is high.............................. T 
43. the ball is given top and side spin.................... 05. cece eee eee T 
. In the early history of tennis 
44. the tennis court resembled an hourglass........................4.. T 
45. the ball was played with the hand................................. T 
46. the balls were made of camvas..............- 0 -c0esceeecuncceecene T 
. A footfault occurs when the server, while in the act of serving 
47. changes position by walking... .. 22.55... - ceinn~des as ucon te avae cee T 
48. steps on the baseline after er racquet strikes the ball............. T 


49. jumps with both feet off the ground before the racquet strikes the 
| Pe rarer SERB ARE Como Sg REL ge eatin tase ee 


50. takes one foot cff the ground before the racquet strikes the ball... .... T 





ACHIEVEMENT TESTS FOR TENNIS 317 


= tay ey et = > le he?) eo hehe he?) hehehe? | eo hehe) eo hehe he?) = eke he? he? | 


o> Be? MG? he?) 





318 RESEARCH QUARTERLY 


O. Itis good strategy to 
51. develop a change of pace in strokes.............................., 
52. go to the net when the opponent is at the net........ )s athe T 
53. play to the So MINS. Sc cavedined se tiie meee 
54. avoid using the backhand stroke................... 





P. A player loses the point if 
55. she is standing behind the baseline and catches a ball before it 





56. mi reaches over the net to strike an oncoming ball but doesn’t touch 
I hs ce ee ss, ok. ss Se wc ec sienna Pk i nek "sw kicid «ee F 
57. she hits the ball on her side of the net and allows her racquet to swing 
across the net on the follow-through without touching the net........ T F 
58. as she makes a good return, the racquet slips from her hands and 
falls into the opponent’s court.................5....0.00. ce eee ee F p 
Q. It is considered good tennis etiquette 
59. in the absence of an umpire, for the server to call the score before 
I 5k iceman Poe fs cal DEW. Gis s wide tu ae Wt dab Vins acl EA ow SER T F 
60. to recover balls from another court, where play is in progress, by 
running on that court and getting the ball out of the way quickly...... T F 
61. for a spectator to applaud good strokes as they occur during the rally. T F 
62. to question the umpire if one disapproves of her decision.......... T F 
Part II. Multiple Choice: Place a figure X opposite the statement which best 
applies to the particular situation. 
63. When serving in singles the server should stand behind the baseline 
a. halfway between the center mark and the singles side line......... Cy 
Ne en eat ae cvatccceucamiuns (“ea 
ee I cc ace bv s Ge tbwcwsetccnccecapeenp Ott 
Neen enn ne ea cbencteceteucpeces (4 
64. While rallying, doubles players should assume a court position in which 
a. partners are diagonally opposite each other........................ ) 
b. partners are —y behind each other........................-005 C23 
¢. partners are parallel to each other..............................-5: (a 
d. one player covers half the net and her partner covers the entire F 
ee i cs. cacy pkuewseubssancwps ciemadexd ( 
65. In singles, after each stroke made near the baseline, the player should 
assume a position 
a. between the service line and baseline.............................. (4 
b. behind the center of the baseline..................-...... 00000005. re 
Cee en cb ots TN NGLid wd west awe (4 
d. behind the baseline where the last stroke was made................ ( ) 
66. When playing defensively a player should stand 
a. between the service line and the baseline.......................... (4 
et I I OL caters, Sy; ihc. . C'4'S bale Sialale de «PScalew'h owes od] Cg 
c. behind the baseline................ ty ac haed tie as. ick ba (3 
oy Say ew ba Wkwa leases uous (33 
67. If a player swings at a ball before it bounces but misses it and the ball 
lands outside the court 
NN TE EEE EEE ( 4 
b. she is considered as having played the ball........................ (32 
c. her opponent wine the point.........................0........005, C9 
ee SPAT a ( 33 
68. In a women’s match a rest period may be taken I 
eS ES ee ee ee a (a 
a ce ca race cwssescsscevecssaneee Wiese 
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c. after second set............... ME bis er aa a 
d. at a time agreed upon by both players. ted Oh 2 tay SRUEtER 7 
. Net position is considered the position for 
a. drive strokes BELAY Oo . ROARS, Bs 23 oe ee ee Ge) 
My MONO “DIY. 2.6. spaces cans « Syha seetce Yots dns ya cal 9 oh SL a | tee 
c. lob strokes... Wii vscs és Ab PAR PORES, Cy SAS a ee git 3 
a. offense play... 20.05). oe. SG, PRPs A ie, Pee ey 
TF 70. A set is completed 
TRF a. when the server has 6 games and the receiver has 5 games......... er 5 
| b. when the server has 4 games and the receiver has 2 games......... 2 
T PR ce. when the server has 7 games and the receiver has 6 games......... ey. ) 
d. when the server has 6 games and the receiver has 4 games... ..... e) 
T F 





Part III. True-False: If the statement is entirely correct, encircle the ‘‘T.” If the 
statement is totally or partially incorrect, encircle the “F.” 





T F. 71. Insingles a player should advance to the net when her opponent is using 
mhackeand stroke... ........4.:a0s cs abahewn cosabaa «cia «ona T F 
T FP. 72. Advanced doubles is primarily a baseline game....................... T F 
T FP. 73. Ash is considered the best qu uality of w for tennis racquets... Ree Were 3 
TF 74. Lambs’ gut is considered the best quality of gut for stringing rae uets... T F 
75. The first game resembling our modern game of tennis came from reland. T F 
76. If a player wins the toss, she must serve first........ Lise sb Oe aS T F 
77. A player may serve waderband.” 2 aa... cs ko ee T F 
78. The ball may be played by holding the racquet in both hands........ T F 
79. When both sides have won three points the score is “thirty all”..........T F 
80. It is necessary for the receiver of the service to stand in the court........ T F 
C4 81. The score is ‘‘games-all’’ when both sides have won 4 games.......... T F 
(chal 82. For a block volley, a player should stand about two feet behind the 
(9 service court line... . o< iis sen n on een) cain Dass vee F 
( 4 83. If a let is called in the middle of a rally, the server is entitled to serve 
two more balls even though the first ball served was a fault.......... F 
84. The overhead smash is best executed from the backcourt............. T F 
(: 85. pte serving a fault the second ball should be served with very little 
C29 MO ccc towne ass ee en pihim sees SRmIrEs pisces 5 Vib a iba s a 
os Part IV. Which of the following situations would give Fy to the server, a fault 
CS sd ge pe rver, Ff a let to the server? Encircle ‘‘P’’ for point, ‘‘F”’ for fault, 
and ‘‘L’’ for let 
. 86. While serving, the server misses the ball in attempting tostrikeit....P F L 
re 87. A served ball touches the receiver before it touches the ground....P F L 
C24 88. The server wins the rally, then discovers her partner should be 
(4 cc EE ne PE P FL 
(4 89. A served ball hits on the line between the receiver’s right and left 
service courts and is not returned..................0..0000.00 esses F L 
j 90. The server wins the rally then discovers she served from the wrong 
(a error re ee OO ee P F L 
(ay 91. While standing behind the ally, the server in a singles game served 
( ya into the proper service court and the receiver fails to return the ball.. P FL 
(3 92. The server hits the first ball into the net and the second ball goes 
owt-ef-bounds. .......... . «ios sas wails 60k ee ees Rs a a ee P FL 
93. The receiver returns a served ball for which she claims she was not 
ready and the returned ball goes out of the court.. F L 
(a 94. The served ball hits the receiver’s partner before it touches the 
( ) ‘nr errno Ss OS ARBRE ee P F L 
ee 95. The served ball strikes another ball which has rolled into the re- 
(= euiver’s service court. ........0..cesccccetcabisaleadicraeeeedet tee F L 
Part V. Completion: Answer the following questions in one or two words. 
( 4) 9%. Which is the most effective stroke in doubles 8 play?.. 
i 97. Which player’s score is called first?..... 
- 








' 
‘ 
: 
ie 
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98. What is the name of the cup presented to the winner of the competition 
between women in the U. 8. and England? a 
99. What is the name of the cup presented to the winner of the inter- : 
national competition event Fe RE C2: is. CBddisna). o> sine ee 
100. phat type of surface on a court _— the ball faster than any y other 
a ee Oy vee teem ed ohiels » oigse age eae 
101. What is the maximum number of sets in a match for women?..... 
102. What is the score when the server has won one point after deuce?.... ae 
103. What is the maximum number of minutes allowed for the rest period 
in a women’s match?. . fae EY) aN Mle Sra a i. 
104. If, during the service, a served ball touches the top of the net and goes 
into the proper court, what is this ball called?.. ee ok 
105. When should players change sides of the net?...... 
106. In the absence of an umpire who should determine whether or not the 
I NC eg hes occ ven vis Sect ole « ae 
107. What has a player, ‘who does not have to play the first round of a 
tournament but who is immediately advanced to the 2nd round, 
A RRRBIS = 26 yee KE 
108. What is the loser in the final round of a tournament ealled?.. 





Part VI. Matching: The descriptions in Column Ii apply to some of the words or 
a in Column I. Place the appropriate letter from Column I in the 
lanks provided in Column II. 


Column I Column IT 
A. angled shot 109. A stroke which produces back spin on the 
B. American twist ESE pe: VERT, olagia A sil 
C. cannon ball 110. A stroke made by hitting the ball before it 
D. chop touches the ground............. <ul 
E. drop shot 111. An effect which is produced by drawing the 
F. if volley racquet strings over the top of the ball as 
G. je open . al 
H. side spin 112. A stroke made by hitting the ball just after 
I. slice it bounces off the ground..... 0200000... occu 
J. smash 113. A stroke used to return a lob and which 
K. stop or block volley resembles the service stroke. . ia 
L. spin 114. A stroke which causes the ball to bounce low 
M. volley a, BSR ee 


115. A stroke in which the racquet meets the 
ball and does not follow through. . ; 
116. A flat hard service. t Ran 
117. A stroke which gives excessive spin ‘to ‘the 
ball and causes it to bounce in a high are. oman 
118. A stroke which lofts the ball above and 
beyond the reach of opponent at the net... 0.0... 
Part VII. Identification 
A. Give the official names of the lines of the court that are numbered in the diagram 
by placing the name in the blank provided. 
































t — — — — — 119 
Li 
119. 
< —_ — ot J] — 
120 120. 
oo See 
- 121 122. eevee 
1 2 
tT 
‘, 
\ 
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B. Give the official names of the spaces of the court that are numbered in the dia- 
gram by placing the name in the blank provided. 








123 E.. Aut, ich ee 
a We... cc oe 
pie | 6. £6 SS eee 
ee: | 


C. Name in terms of strategy the shaded zones that are numbered in the diagram 
by placing the name in the blank provided. 


a VME - - 
WWE — 127 mf io 7 Rese ieee 


WI 1/1] — 28 











Woy 


























gram 

















An Analysis of Breath-Holding Tests 


Henry J. Montore* 
School of Physical Education 
University of Illinois 





Numerous investigators have observed the effect of phys- 


ical conditioning, diet, or some other factor on breath-holding ability, 
Despite the lack of adequate controls in many of these studies (2, 5, 7, 
12, 13, 15, 19), the change (or lack of change) in breath-holding time was 
attributed to the effect (or lack of effect) of the experimental factor. In 
certain other breath-holding studies of an experimental nature the pres- 
ence or absence of controls was not specified (6, 9). One of the purposes of 
this study was to determine the improvement in breath-holding ability 


which may be expected merely through practice (repetition). Other workers — 


have noticed that improvement does occur (11, 16) but these observations 
were incidental to the principal problems in their researches. The practice 


effects themselves were not investigated. Simonelli and Ferri (18), how- — 


ever, plotted the improvement in breath-holding that occurred with prae- 
tice. In their few subjects they secured one hundred percent improvement 
after only a few weeks. In one subject, the improvement curve did not 
show signs of leveling off even after 23 trials. 

A second purpose in carrying out this project was to determine to what 





degree breath-holding times are affected by the duration of moderate | 


exercise taken immediately before the breath-holding tests. The effect of 
intensity of exercise preceding breath-holding has been reported by Rod- 
bard (14). He observed that the length of time the breath was held was 
indirectly proportional to the number of footpounds of work performed 


in fifteen seconds on a bicycle ergometer. The effect of the duration of — 


exercise apparently has not been studied. 


Procedure 


The group of subjects comprised twenty-two college men all of whom 
were physical education majors. None, however, was a member of & 


varsity team. All were secured on a volunteer basis. The sample is prob- — 


ably representative within these limits. 
The battery of breath-holding tests included the following: 
~ 1. Normal breath-holding (i.e., not preceded by exercise). 
2. Breath-holding after one minute of stepping up on to a seventeen 
inch bench at the rate of thirty steps per minute. 


* Now at Michigan State College. The data were secured in the Physical Fitness 
Research Laboratory, School of Physical Education, University of Ilinois. 
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3. Breath-holding after two minutes of stepping (same bench and 
tempo). 

4. Breath-holding after five minutes of stepping (same bench and 
tempo). 

After completion of the four tests the battery was repeated twice more. 

Within each series of four tests the order of selection was random. In 

general, each subject took only one test per day. However, in some cases 

when the norma! breath-holding test was taken, a second test was ad- 
ministered after a rest period of twenty minutes. The time of the day at 
which a given subject was tested did not vary more than thirty-five min- 
utes. Most of the subjects completed the twelve breath-holding tests 
within a period of two weeks, although in some cases the testing was 
distributed over a three week period. If the subject appeared to be defi- 
nitely affected by a cold or other ailment, the testing was postponed until 

a later date.’ 

The details of administering the breath-holding tests were as follows: 

1. Before beginning each test, the subject was allowed to practice 
holding his breath a few times for very brief periods in order to 
become adjusted to the apparatus. 

. A nose clip was used during all tests. 

. Three deep breaths were allowed before beginning the hold, i.e., 
the breath was held at the end of the third inhalation. Karpovich 
(8) secured a higher coefficient of reliability using this method as 
compared to taking only one breath. 

4. For the purpose of standardizing intrathoracic pressure the breath 
was held on the flarimeter (20) with both orifices closed and the 
water level maintained at the equivalent of 20 mm. Hg pressure. 
Despite continuous urging on the part of the testor, the water 
level fluctuated considerably during the last stages of the hold. 

5. The tempo during the stepping exercise was maintained by an 
electric metronome. 

6. The time of the hold, to the closest tenth of a second, was measured 
with the aid of a stop watch. 

7. All of the tests were administered by the writer and every effort 
was made to motivate each subject to go “all-out” on every trial. 

8. The subjects were instructed not to practice breath-holding except 

at the time tests were given. 


Results 


A summary of the breath-holding data is presented in Table 1. All of 
the distributions of scores were unimodal and slightly positively skewed. 
Graph I shows the improvement in breath-holding ability that occurs 


Ww bo 


‘ Inasmuch as there was positive pressure in the breathing circuit special care was 
taken not to administer the test to a subject with a head cold to avoid the possibility 
of spreading the infection to the ears via the eustachian tubes. Also, Henry (4) re- 
ported that colds decrease breath-holding time. 
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with practice. The effect on breath-holding time of variations in the dura. © 
tion of exercise immediately preceding the test is illustrated in Graph II, 

In an effort to determine whether or not the improvement in breath. 
holding was significant and also whether the duration of exercise preceding — 
the test significantly affected the breath-holding times, the analysis of © 
variance technique was applied to test the means for homogeneity. Hovw.- 
ever, this method, as also the small sample ‘‘t’”’ test, involves the assump. 
tion of equality of variance among the distributions if the differences 
between groups are to be attributed to differences in means. In order to 


TABLE 1 
Mean, standard deviation, and range of | each distribution of breath- canines scores 








TYPE OF BREATH-HOLDING TEST | MEAN o | RANGE N 








cs. secs. | secs. 


Normal breath-holding (no ex-) 


ercise) 
Rea 82.7 36.1 37-182 | 22 
Second trial..............! 100.5 36.0 60-188 22 
Third trial........ | 116.6 36.5 53-200 22 
Best score......... 4 119.1 34.1 | 72-200 22 
Breath-holding after 1 iia 
stepping 
SS aap ere a 25.2 11.4 9-51 22 
Second trial . Taeten ea 36.9 19.4 | 15-110 22 
Third trial...... page 43.5 22.2 |} 12-112 22 
Best geoore. ...........s8 0 0| 46.1 20.7 | 15-112 22 
Breath-holding after 2 min. 
stepping 
rst trial. cdi.’ Meir cioaree 9] 24.7 14.7 | 11-63 22 
Second trial . ire A a 4 31.3 18.0 | 13-74 22 
Teed tial. eT 987.8 15.0 | 11-69 22 
Best score... .. cotersaaaltay 40.6 15. | 14-74 22 
Breath-holding after 5 min. 
stepping 
1 Se ee os 27.0 17.1 | 10-80 22 
Second trial..............| 32.2 16.7 | 11-75 22 
2. deaeeatia ae aieh mrs 37.4 17.7 | 13-95 22 
7 16.9 13-95 22 


Best score................. 39. 





ascertain whether or not this assumption was a reasonable one, the F- 
ratio test was applied to the sixty-six variance combinations. This test 
indicated that the differences in variability among the distributions of 
normal breath-holding scores and also among the distributions of exercise 
breath-holding times were insignificant.? The differences in variance be- 
tween the normal and exercise breath-holding scores, however, were signifi- 

? This does not prove that a true difference in variance does not exist but indicates, 


at least, that the error due to this assumption would probably not appreciably affect 
the results. 
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cant. Therefore, the variance of the normal breath-holding scores wal 















































* analyzed separately from that of the exercise breath-holding scores, 4_ to rel 
summary of the results of these analyses is presented in Tables 2 and 3, | holdi 
TABLE 2 trial 
Analysis of variance of the normal* breath-holding scores af 
rem som or | oppnes- or vaxi- | ARANCE) — ppopapruzry ig 
| DOM ANCE | 
SLT ee Se Su 
Main Effects | sign 
Improvement......... 12623, 2 6312 | 32.5 | Less than 0.001 the 
Individual............. 7842821 3735 | 19.2 | Less than 0.001 f th 
0 
First Order Interactions of tl 
Improvement-Indi- less * 
vidual . asst eee 42 194 
(Error Variance) _ A 
( 
Total... .........+..| 90182. | 65 a 
* No exercise preceding breath-holding. pat oe after 
TABLE 3 : a 
Analysis of variance of exercise* breath- holding scores ae 
cate. ——_——— ae 
si wom ov | Oermce. | on vanr | jranane| er a 
| DOM ANCE | 
a ay ee: ca 1s 21 
Main Effects indi 
Type of Test........... | 855 2 278 | 3.31 | Between 0.05 and 
| 0.01 subj 
Improvement.........| 6473 2 3236 | 38.52 | Less than 0.001 exel 
Individual............. 41009 21 1953 | 23.25 | Less than 0.001 exer 
First Order Interactions | plet 
Type of Test—Improve- to ¢ 
RE ah 6 wel <0 ee 415 4 104 1.24 Greater than 0.0 the 
Type of Test—Individ- a 
Ms sig daix'é-o «3 3 5712 42 136 | 1.62 | Between 0.05 and star 
|; 0.01 heig 
sageprement- Indi- | 
vidual..............| 4588 | 42 | 109 | 1.30 | Between 0.10 and wa 
| | 0.20 don 
Second Order Interactions A 
Type of Test—Improve- 3 «(exe 
ment-Individual . | 7061 84 84 | the 
(Error Variance) test 
eS oe: | | - tak 
ae : . SY EER SR 
* Exercise immediately preceding breath-holding. 1 fol 
Although in Tables 2 and 3 the total variance is separated into its | 0 
component parts, only the main effects of “‘type of test’? and “improve- 
ment” are of paramount interest. The “individual” main effects refer 
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to reliability. In Table 2 it may be seen that the increase in normal breath- 
holding time is highly significant. 

The significance of the differences between the first trial and the second 
trial and between the second trial and the third trial were investigated 
using the estimate of the error variance shown in Table 2. The resulting 
significance ratios were 4.2 and 3.8 respectively, which have probabilities 
less than 0.001 of occurring through chance alone. 

Similarly, with breath-holding after exercise, improvement is highly 
significant. The comparisons between individual trials were made as in 
the normal breath-holding scores. The significance ratio for the comparison 
of the first trial with the second trial was 4.0 and that for the comparison 
of the second trial with the third was 4.1. Again the probabilities were 
less than 0.001. 

A statistically significant decrease occurs in breath-holding time when 
the duration of exercise before the test is increased. Comparing the results 
of the breath-holding test after one minute of exercise with the results 
after two minutes of exercise produced a significance ratio of 2.5 which has 
a probability of approximately 0.01. The comparison between the breath- 
holding after two minutes of stepping with the breath-holding after five 
minutes of stepping resulted in a significance ratio of 0.59, which has a 
probability between 0.27 and 0.31. 

The first order interactions afford no reliable evidence that improvement 
is greater in one exercise breath-holding test than another or that certain 
individuals improve more than others. There is an indication that certain 
subjects perform relatively better in the breath-holding tests preceded by 
exercise of longer duration. This is another way of saying that the various 
exercise breath-holding tests are not perfectly correlated even when com- 
pletely corrected for attenuation. More efficient circulatory adjustment 
to exercise on the part of some individuals may thus be indicated. On 
the other hand, the advantage may be solely a mechanical one since the 
standardization of the exercise did not allow for such factors as weight, 
height, proportion of body segments, ete. Only tempo and duration of 
work and height of bench were standardized, not the physiological work 
done. 

Although the differences in scores between normal breath-holding and 
exercise breath-holding appear obvious without statistical treatment, for 
the sake of completeness the significance of the differences in means was 
tested using the best times of each subject and the large sample method, 


taking into account the correlations between tests. The comparisons be- 


tween normal breath-holding and exercise breath-holding resulted in the 
following significance ratios, all of which have probabilities less than 
0.001: 

1. With breath-holding after 1 min. stepping, 13.25 

2. With breath-holding after 2 min. stepping, 13.57 

3. With breath-holding after 5 min. stepping, 15.93 
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Discussion : 


Improvement in breath-holding of roughly fifty percent in raw scons | 


was secured with a moderate amount of practice. When changes in breath. 
holding are being investigated, the need for adequate controls or practice 
until a plateau is reached is thus clearly indicated. Also, the ratio of the 
standard deviation to the mean in the distributions of breath-holdi 
times (coefficient of variation) was quite high. This explains the diffi 


encountered in demonstrating significant differences in studies of breath. | 


holding ability. 


The effect of decreasing breath-holding times by increasing the dura 


tion of moderate exercise preceding the breath-holding tests was not 
nearly as pronounced as the effect secured by Rodbard (14) by increasing 
the intensity of exercise (footpounds of work performed in fifteen seconds), 
Very likely during the first minute of stepping, an appreciable oxygen 


debt is formed and the breath-holding times are greatly reduced from 


normal. As the moderate exercise continues the circulatory system adjusts 


to the task and the oxygen debt is then accumulated at a much slower | 


rate or not at all. However, when the intensity of the exercise is increased, 
an oxygen debt may continue to accumulate very rapidly even though 
circulatory adjustments are made. 

One other observation should be described. Four of the twenty-two 
subjects reported that after the breath was held a certain period of time, 
“it became easy.”’ These four cases had breath-holding scores far superior 
to those of the other subjects, which fact may account for the skewness in 
the distribution of scores. There were also objective signs of the lack of 
distress after the breath was held beyond the “hump,” so to speak. One 
such indication was the water level in the flarimeter which became very 
steady although just previously it had fluctuated greatly. Furthermore, 
practically all respiratory movements and tremors were observed to stop 
completely. In several instances the symptoms seemed to occur abruptly 
but in general the change required from ten to fifteen seconds. The phe- 
nomenon was definitely observed in these four cases and definitely not 
observed in the others. 

Two of these four subjects, during the last stage of the hold, could no 
longer hear the seconds being called out. This corroborates the observa- 
tions of Gellhorn and Spiesman (3). These workers demonstrated a marked 
reduction in hearing ability during anoxia and hypercapnia. 

The data are not adequate to determine whether oxygen depletion, 
carbon dioxide accumulation or both are responsible for the apparent 
depressed state of the respiratory center in the four subjects. In a few 


instances an anoxia photometer® was attached to the subject’s ear. This — 


was the case during one of the unusually long periods of breath-holding 
(188 secs.) when the symptoms of distress seemed to disappear. At the 
termination of breath-holding in this trial the oximeter indicated an arterial 


* Modified ear oximeter manufactured by Coleman Company, Maywood, Illinois. 
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oxygen saturation of fifty-seven percent. If it can be assumed that the 
oximeter gives a reasonable approximation of the actual oxygen saturation, 
anoxia may conceivably be responsible for the phenomenon. However, 
relatively high concentrations of carbon dioxide are also known to depress 
the respiratory center (1, 5, 10). Unfortunately the carbon dioxide in the 
arterial blood or in the alveoli during breath-holding was not determined 
in these cases. 

Schneider (15, 17) expressed the opinion that it is “practically i impos- 
sible’ for a subject to hold his breath until he becomes unconscious. 
Possibly the inherent or trained capacity to drive one’s self to carry on 
under such conditions is present to a greater extent in physical education 
majors or individuals with a history of participation in sports. Of course, 
increasing the intrathoracic pressure as was done in this study would tend 
to bring on unconsciousness sooner. 


Summary and Conclusions 


An analysis-of-variance experimental design was used to study the 
practice effects of breath-holding before exercise, and after one, two, and 
five minutes of stepping, and also the effect of the duration of moderate 
exercise on breath-holding times. Twenty-two men students majoring in 
physical education were used as subjects. Each subject repeated all four 
breath-holding tests three times. Breath-holding was done on the flar- 
imeter against the equivalent of 20 mm. Hg pressure with botl orifices 
closed. 

On the basis of the results prescited the following conclusions appear 
justified. 

1. Roughly fifty percent improvement may be expected in breath- 
holding time with a moderate amount of practice (three trials). 
This is true when the breath-holding tests are preceded by moderate 
exercise as well as when no exercise is taken. 

2. Moderate exercise taken before breath-holding decreases the time 
the breath is held but the duration of the exercise is not related to 
the breath-holding time in a simple proportion as appears to be 
true for the intensity of exercise (14). Increasing the duration of 
moderate exercise has progressively less effect on breath-holding 
ability. 

3. The four breath-holding tests employed do not measure precisely 
the same qualities. 

4. It is possible for some individuals to hoid their breath against 20 
mm. Hg pressure until they become unconscious. In these subjects 
a point is reached during breath-holding when the respiratory 
center is no longer strongly stimulated. 
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Learning To Juggle: I. A Study To Determine 
the Effect of Two Different Distributions of 
Practice on Learning Efficiency 


CiypE G. Knapp 
University of Illinois 
W. Ropert Drxon 
University of Michigan 


Practice is one of the key conditions which must be 
considered in learning motor skills. This condition may be viewed in the 
light of at least seven variables whose influence seems to determine the 
amount of benefit derived from practice: 1) duration of the practice 
session; 2) length of the rest period between practice sessions; 3) practice 
method; 4) speed of movement during practice; 5) characteristics of the 
learner; 6) activity of the learner during the time between practice periods; 
and 7) complexity of the skill. These and other variables are the subject 
of much research by those interested in performance improvement. 

Since practice does play such a prominent role in the learning of motor 
skills, it is essential that those charged with teaching these skills have a 
thorough understanding of the role played by the above mentioned vari- 
ables during practice. The present study is concerned chiefly with the first 


‘two of these, specifically, duration of and the rest between practice periods. 


How long should a practice session be? How much time should elapse 
before the session may be repeated for the greatest efficiency? The earlier 
research on these questions was planned so as to identify the separate 
effect of each of the two variables. Thus, an experiment would be de- 
signed to measure the effect of different lengths of practice periods by 
maintaining a constant amount of rest between practice sessions and 
changing the length of the practice. By reversing the above arrangement 
the effect of different amounts of interpractice rest was studied. 

As research on these two variables has continued it has become in- 
creasingly clear that there is a relationship between them. Travis, who 
used a manual pursuit oscillator to study motor learning, states that 
“the length of the practice periods and the length of the interpractice 
rest are fundamentally related.’ He infers that a longer practice period 
must be followed by a longer rest period for efficient learning. More re- 
cently Nance has found distributed paced practice superior to massed 


_ ' Roland C. Travis. ‘‘Length of the Practice Period and Efficiency in Motor Learn- 
ing,”’ Journal of Experimental Psychology, XXIV (March 1939) 339-45. 
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unpaced, distributed unpaced, and massed paced practice. He adds that _ 
“t is probable that the superiority of distributed practice is based upon — 
the magnitude of the work-rest ratio and not upon absolute length of trial 
or rest taken separately.’” Further evidence of the interrelationship be. 
tween practice and rest may be found in the study by Spence, Buxton, 
and Melton.’ As reported by Nance,‘ these investigators used four different 
distributions of practice to measure learning on the 8S. A. M. Complex 
Coordination Test. At the end of the work period all the groups using 
distributed practice were superior to the continuous group. However, the 
group using the shortest work-rest ratio was not the most superior. Dore 
and Hilgard also emphasize the relationship when they state, “the op- 
timum distribution of practice obviously lies somewhere between that 
overcrowding which disrupts practice and that separation which allows a 
loss of previous gains before practice is resumed.””® 

The present writers were interested in testing the inference made by 
Travis that longer work periods should be followed by longer rest periods 
for efficient learning. Would such an arrangement be as efficient as a 
shorter work-rest distribution? Incidentally, many persons inadvertently 
adopt the longer work-rest distribution when learning motor skills; they 
are unwilling or unable to practice regularly and attempt to compensate 
by engaging in long practice sessions with several days to a week inter- 
vening. We wanted to find an experimental situation which would employ 
a type of coordination closely associated with many sports activities and 
which would permit easy demonstrations to students. The motor skill of 
juggling was finally selected as a learning situation which would meet 
these requirements. Juggling or ball-tossing was a favorite subject of 
study among early psychological researchers, Swift® and Pederson’ being 
two who reported using this technique. They were primarily concerned 
with discovering the nature of the learning curve. 


Procedure 


Selection of Subjects. The subjects in the experiment were University of 
Illinois male seniors majoring or minoring in physical education. All of 
these men were doing student teaching in physical education. 

Prior to the establishment of the experimental groups the number of 


2 R. Dale Nance. ‘‘The Effects of Pacing and Distribution on Intercorrelations of 
Motor Abilities.’”” Unpublished Ph.D. Dissertation, State University of Iowa, June 
1946. 

3K. W. Spence, C. E. Buxton, and A. W. Melton. ‘‘The Effect of Massing and Dis- 
tribution of Practice on the S.A.M. Complex Coordination Test.’’ Civil Aeronautics 
Authority, Division of Research, December 1945, No. 53. 

4R. Dale Nance. Op. cit. 

5 Leon R. Dore and Ernest R. Hilgard. ‘‘Spaced Practice and the Maturation Hy- 
pothesis,’’ Journal of Psychology, IV (October 1937), )» 245-59. 

6 Edgar James Swift. Mind in the Making. New York: Charles Scribners Sons, 1908. 
viii + 329. 

7 Joseph Pederson, ‘“‘Experiments in Ball-tossing: The Significance of Learning 
Curves,” Journal of Experimental Psychology, IT (June 1947), 178-224. 
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Is that potential subjects was cut down by eliminating those who already pos- 
1 upon sessed some juggling skill. In a pre-test, consisting of three trials, each 
of trial subject tried to juggle three paddle tennis balls. Subjects who made five 


- be. or more consecutive catches on any one of the three trials were eliminated 
pein: from the experiment. 
ferent By means of random selection, the subjects were placed in two groups 


mplex of 35 men each. After the eomposition of the groups had been established, 

Usng the backgrounds were studied to determine whether the groups were 
er, the equal in athletic experience and competence. In terms of such criteria as 
Bei. high school letters, college squads, and college varsity letters the groups 
o were well matched. 


\ that Practice Preparations and Instructions. An effort was made to orient 
OWS a the subjects in the juggling situation. For example, several demonstra- 
tions of juggling were presented. Also, a number of rules and suggestions 
de by were given to each subject. These were mimeographed and time was 
eriods spent in class discussion of the items until each subject felt he fully under- 
pays stood how to proceed. The following is a duplicate of the above mentioned 
mimeographed material: 
Bee A. Rules 
inter. 1. Only the whole method is permissible. 
aploy a. se may not practice the hand movements without using 
AUS. 
Pp b. You may not practice the toss and catch using less than three 
meet: 1 balls. 
ot of | 2. During a juggle at least one ball must be in the air at all times. 
being If two balls touch a hand simultaneously the count must stop. 
oul 3. Time and distribution of practice sessions, as stipulated for your 
group, must be followed exactly. 
B. Suggestions 
1. Start with two balls in the dominant hand. 
ty of 2. Toss and catch the balls with rhythmical movements. — 
Il of 3. In tossing let the ball leave the hand approximately in front of 
the chin with the head facing forward. 
a 4, _ the ball to a height approximately equal to the top of your 
ead. 
ns of 5. Toss the ball so that it may be caught about six inches to the 
June left, or right, of the sternum line at a height slightly above the 
Dis | belt. 
uties 6. Toss the ball to the inside of the ball about to be caught. 
7. Watch the balls with a minimum of eye movement. 
H 8. Concentrate on your task. 
i 9. Relax. 
1909. Group I was instructed to practice juggling the three balls for five 
minutes each day, while Group II was to practice for fifteen minutes every 


ning second day. Subjects recorded the greatest number of consecutive catches 
} made in each practice schedule until they had succeeded in making 100 
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consecutive catches. This was the criterion used to measure when the 
subject had learned to juggle. It will be noted that the above ‘arrangement 
provides two different ratios of practice and rest: 1) a short practice 
followed by 24 hours rest; 2) a longer practice followed by a longer rest, 
This should permit us to ascertain whether or not the longer practice-rest 
ratio is as conducive to learning as the shorter ratio. 


Results 


Table 1 presents a comparison of the average time required by the 
subjects in the two groups to learn to juggle. The mean score for Group I 
was 69.86 minutes and for Group II was 125.80 minutes. The significange 
of the difference between the two means was computed by using the 
Student-Fisher ¢ test. A i value of 3.84 was derived which is significant at 
the 1 per cent level of confidence. 

It will be noted that there are 35 subjects reported for Group I and only 
31 subjects for Group II. Actually there were 4 more subjects in Group II 
when the experiment started, however, 4 gave up after they had spent 


TABLE 1 


Comparison of the five minute daily and the fifteen minute every second day groups in 
terms of the mean number of minutes required to learn to make 100 consecutive 
catches in juggling three balis 

















GROUP N MEAN | o DIFF Cdiff. t | P 
- . . |" » | i | 
Five minute daily.................. | 35 | 69.86) 48.20 
Fifteen minutes on alternate days..| 31 (125.80) 68.60 55.94 gauss 3.84 | < 





over 200 minutes in trying to learn. Hence, their scores would not make 
the difference between the performances of the two groups less significant: 

Inspection of the individual learning times of the subjects revealed 
wide differences. The range in Group I was from 19 minutes to 210 minutes 
while in Group II it was from 40 minutes to 270 minutes. The fastest 
subject in Group I learned more than eleven times as fast as the slowest 


& 





subject in that group. Such wide variation in individual performance — 


within these groups would seem to be as noteworthy as the difference 
between the average group performances. 

Discussion of Results. The magnitude of the difference between the 
average performances of the two groups was startling to the authors. 
Whereas a substantial amount of individual variation might have been 
predicted, it is doubtful whether anyone would have forecast such a 
significant difference between the average group scores. The longer prac- 
tice-rest ratio was certainly not as conducive to efficient_learning as the 
shorter ratio. But, it should be noted that the subjects using the longer 


ratio learned to juggle in only 8 plus periods while it took the subjects 
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using the shorter ratio 13 plus periods to reach our criterion. On the basis 
of these data it seems probable that one can compensate for missed practice 
sessions by engaging in longer work periods, at least as far as the number 
of such periods is concerned. Nevertheless, this procedure is relatively 
inefficient in terms of the amount of actual practice time. 

To what shal! this difference in learning rate be attributed? If Franklin 
and Brozek’s’ evidence relating to the ineffectiveness of changing the 
rest interval is accepted then the length of the work period must be the 
important factor. However, Travis® has equally good evidence which 
indicates that the length of the rest interval does play an important role 
in motor learning. Just why the shorter work-rest sessions facilitated 
more rapid learning remains a moot question. Possible determiners might 
be found in several of the concepts most frequently used to explain such 
results. Fatigue may have played a part. Motivation also undoubtedly 
entered the picture since the subjects’ attitudes during the longer work 
periods were noticed to change. Frequently the men became tense, poorly 
coordinated, and irritated because of their inability to master the skill. 
Perhaps, too, the shorter work-rest ratio permitted differential forgetting 
to operate more effectively. 

Attention should be directed to the usefulness of the demonstration 
experiment technique as a teaching procedure. It may confidently be 
stated that the men learned much more than just juggling during the 
course of the experiment. For example, a constructive attitude toward 
experimentation and research was developed by most of the students. 
Numerous comments were made to the effect that “maybe there is some- 
thing to this research business after all.” Certainly there was noticeable 
improvement in the interest and zest with which the students approached 
the study of teaching methods. 


Summary and Conclusions 


The present study has described a demonstration of the effect of two 
different practice-rest conditions in learning to juggle. College seniors in 
physical education were selected as subjects. After eliminating those who 
were able to make five or more consecutive catches on a pre-test, the men 
were placed in one of two groups by means of random selection. The 
groups possessed an equivalent amount of athletic experience, as measured 
by high school letters and college varsity letters. The subjects in Group I 


practiced juggling 3 paddle tennis balls for five minutes daily until they 


were able to make 100 consecutive catches, while Group II practiced the 
same skill for fifteen minutes every second day. 


§ Joseph C. Franklin and Josef Brozek, ‘The Relation between Distribution of 
Practice and Learning Efficiency in Psychomotor Performance,’”’ Journal of Experi- 
mental Psychology, XX XVII, No. 1 (February 1947), 16-24. 

* Roland C. Travis, ‘‘Effect of the Length of the Rest Period on Motor Learning,” 
Journal of Psychology, III (January 1937), 189-94. 
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The data from this demonstration indicate that: 1) the five minute 
daily practice sessions facilitated more rapid learning than the fifteen ( 
minute every second day sessions, one minute of practice in Group I 
proving to be as effective as 1.80 minutes in Group II; 2) fewer practice 
periods will be needed to learn a motor skill when a longer work-rest dis- 
tribution is used; and 3) wide individual differences may be expected in 
the learning of motor skills even among subjects who have had wide 
experience in related skills. 
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Guide to Authors 


Ly line with the overall goal of making Association publications yield the 
greatest value to the individual and profession, the following is a yardstick 
for the preparation of research manuscripts. The information as spelled out 
below recognizes general techniques being employed by research publica- 
tions of similar nature. Copy prepared on this basis looks forward to the 
establishment of a standard style for all Association research studies. 

This ‘Guide to Authors” is a guide to consider. Your suggestions and 
comments will assuredly be appreciated. 


Manuscripts 


Manuscripts should be sent to the Editor who will see that each one is 
read by at least three members of the Board of Associate Editors. The Edi- 
tor will advise the author as to the suitability of the paper or the desirability 
for revision. Papers are not judged by arbitrary standards of length but on 
their content of new research results in the field of physical education, 
health education, and recreation, presented with the greatest brevity com- 
patible with scientific accuracy and clarity. 

Since three members of the Board of Associate Editors review an article 
it is requested that at least two copies of the manuscript (the original and a 
clear carbon) be submitted in order to facilitate reviewing. One copy of the 
article should be retained by the author for checking against galley proofs. 

Typewritten manuscript should be double spaced on white paper of ordi- 
nary weight and standard size (84 x 11 inches). 

The sheets of manuscript should be kept flat and ‘istened with clips 
which can be removed easily. The pages of the typewritten copy should be 
numbered consecutively in the upper right hand corner. 


Documentation 


Footnotes —F ootnotes should be numbered from! up for each article. The 
first footnote for each article should begin with’, a corresponding numeral 
appearing in the text. Footnotes should be separated from the text by lines 
across the bottom of the typewritten page. Sequence of information in a 
footnote is: 

(a) number, 

(b) author’s first and last name, 

(c) article or chapter (if any) in quotes, 
(d) name of publication underscored, 
(e) city published (colon), 

(f) publisher, 

(g) year, 

(h) exact page reference. 


337 








338 RESEARCH QUARTERLY 


In the event a bibliography is used at the end of an article, use above 
form except in (b) where author’s last name comes first enabling an alpha- 
betical listing. Where references are listed and cited at the conclusion of the 
article, do not duplicate information in footnotes. 

Citation of Literature—Citations of literature should be segregated alpha- 
betically by author’s last name at the end of each article under the caption 
of “References.” Do not treat them as footnotes. 

Literature citations should be numbered consecutively in the order of 
their appearance. Their location in the text should be indicated by full- 
sized figures enclosed in parentheses. For example, (1, 2, 3). Care should be 
exercised to segregate footnotes from literature citations. 

A uniform style should be maintained in writing citations. Quote titles 
of chewters and articles. Italicize [underscore] names of books and publica- 
tions. 

A uniform sequence of data should be observed. The preferred sequence 
is: Author’s name—title of article or chapter—name of book or publication 
—volume number—page numbers—year date. 


4 


EXAMPLE OF FOOTNOTE 


*H. Harrison Clarke. The Application of Measurement to Health and 
Physical Education. New York: Prentice-Hall, Inc., 1946. p. 240. 


EXAMPLE OF REFERENCES APPEARING AT END OF ARTICLE 


1. OgpEN, JEAN, AND Jess OapEN. Small Communities in Action. New York 
City: Harper & Brothers, 1946. (books) 

2. Deaver, G. G. Exercise and heart disease. Research Quarterly, 10:24-34, 
1939. (periodicals) 

or 

1. Deaver, G. G., “Exercise and Heart Disease,” Research Quarterly 
10:24~-34 (1939). (periodicals) : 


Use of Numbers 


Use figures for all definite weights, measurements, percentages, and de- 
grees of temperature (for example: 2 kgm., 1 inch, 20.5 ec., 300°C.). Spell 
out all indefinite and approximate periods of time and other numerals which 
are used in a general sense (for example: one hundred years ago, about two- 
and-one-half hours, seven times). Spell out numbers through nine; arabic 
figures for 10 and over. 


Abbreviations 

The metric system being in universal usage, standard abbreviations 
should be used whenever the weights and measurements are used with 
figures, i.e., 10 kgm., 6.25 ec., ete. The forms to be used are: cc., kgm., mgm., 
mm., |., and m. Gram should be spelled out in all cases to avoid possible 
confusion with grain. All obscure and ambiguous abbreviations should be 
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avoided. No abbreviations of English weights and measures should be used. 
Preserve uniformity in all abbreviations. 


Tables 


Each table should have a descriptive heading and should be specifically 
referred to in the text by number, e.g., “Table 10,” etc., never as “‘the above 
table” or ‘‘the following table.’”” Number tables from 1 up for the entire 
manuscript, using Arabic numerals. For graphic presentations, use roman 
numerals. Percent should be one word. Use percent sign (%) in tables or 
when it appears in parenthesis in text. 

Never single space any tabular material. 


Headings 


Arrange article so as to indicate relative values of heading and subhead- 
ings. Usually four gradations are sufficient (a) article title, (b) first subhead 
appearing in boldface aligned left on page, (c) second subhead (if necessary) 
appearing in small caps aligned left on page, (d) third subhead, to appear in 
italic (underscored in manuscript), not centered, but run in at the beginning 
of the paragraph or section. 


Illustrations 


Illustrative material is of two types: pen and ink drawings, which are re- 
produced by the line engraving process; and photograph, wash drawings, 
stipple drawings, in short anything containing shading, which are repro- 
duced by the halftone process. 

Line engravings are always treated as text figures and should be so desig- 
nated. All drawings should be made with India ink, preferably on white 
tracing paper or cloth. If coordinate paper is used, a blue-lined paper must 
be chosen, as all other colors blur on reproduction; sometimes it is desirable 
to ink in inch squares so that the curves can be more easily read. 

Lettering should be plain and large enough to reproduce well when the 
drawing is reduced to the dimensions of the printed page. (4% x 7 inches) 
Most figures can be advantageously drawn for a linear reduction of one- 
half or one-fourth. Coordinate lettering should be included within the chart. 
Do not use gummed letters, for they are easily lost. 

Care should be taken not to waste space, as this means greater reduction 
and a less satisfactory illustration. Often it is possible to combine several 
curves in one figure and thus not only save space but enable the reader to 
make comparisons at a glance. Legends can often be included within the 
chart and a considerable saving in space thus effected. 

Halftones are treated as plates and should be so designated. Frequently, 
several halftones can be grouped to form an attractive full page plate, in 
which case they should be numbered consecutively, in Arabic numerals, as 
figures of the plate. Photographs should be in the form of clear black and 
white prints on glossy paper. Care should be taken to see that they cannot 








340 RESEARCH QUARTERLY 


be bent or folded in handling, and paper clips should not be used. All imper- 
fections in the original copy are reproduced. 

Figures and plates should each be numbered consecutively from 1 up for 
the entire manuscript. Use Arabic numerals to number figures, and Roman 
numerals to number plates. The legends for the illustrations should be 
typed upon separate sheets and the sheets numbered at the end of the manu- 
script. Care should be taken to indicate plainly in the text the exact loea- 
tion of all illustrations and tables. 

The Association will assume complete engraving expense. 

Proofreading 

Author will receive galley-proof. 

Mark on proof the errors that are discrepancies in transcription from the 
manuscript in red ink. Mark any changes irom copy in black ink. The two 
classes of error are handled by two different operators. 

Be sure to answer all queries on the proof. Write any instructions to the 
printer on the proof itself. (If instructions are written on separate sheets 
the parcel will require first class postage; if instructions are too extensive 
to write on proof, embody them in a letter and send separately.) Draw 
ring around instructions and answers to queries to avoid possibility of mis- 
taking them for new copy. Return proof to the Editor. 
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Prepared by the Research Abstracts Committee of the Research 
Section, Carolyn W. Bookwalter, Chairman 


Anatomy and Physiology 


87. SULLIVAN, WALTER Epwarp, Orro AxeL Morrensen, Mery MILEs, aANp Lavu- 
RENTINE STEENSLAND GREEN. Electromyographie studies of M. biceps brachii dur- 
ing normal voluntary movement at the elbow. Anat. Rec., v. 107, no. 3, July, 1950. 
Action potentials were recorded from M. biceps brachii of normal subjects during 

voluntary movements of the elbow joint. A modified electrocardograph and surface 

electrodes were used. A standard set of movements was performed: 1) elbow flexion 

(acceleration), forearm supine and prone; 2) elbow extension (negative acceleration), 

forearm supine and prone; 3) hold (zero acceleration), forearm supine at 135°, 90°, 

45° flexion. Film speed was 2.5 cm a second. Loads of zero, 1.0 kg and 2.0 kg were used. 

Repeated recordings from one subject at the same sittings were usually similar. Re- 

peated recordings from one subject with intervals of weeks intervening usually, but 

not always, gave similar patterns. Action potentials tended to be higher on the earlier 
trials than on the later ones. When two or more subjects were studied under similar 
conditions the recordings were similar or different in pattern and/or amplitude. The 
variations in pattern and amplitude were assumed to represent differences in the use 
of the muscle during a given movement. Potentials of lower amplitude were recorded 
from both parts of the muscle when the movement was performed with the forearm 
in the prone position and, in general, from the short head under all conditions studied. 
—The Wistar Institute. 


38. Finkuer, Riva. Functional sterility and amenorrhea. Mod. Med. 18: 5, 1950. 

Dr. Finkler has found irradiation slightly preferable to hormone therapy in cases 
of pituitary-ovarian hypofunction, i.e., for functional sterility and amenorrhea, X- 
ray therapy obtained desired results more quickly and slightly more often than hor- 
mone therapy. After X-ray therapy on women patients desiring children, 35% con- 
ceived after medication. Menstruation was restored in 46% of those receiving X-ray 
therapy vs. 41% under medication.—A. C. Kelly. 


39. Horvaru, Steven M. anp Stevia Y. Boretno. Orthostatic hypotension follow- 

ing hot or cold baths. J. Applied Physiol., 1(8): 586-596, 1949. 

Twenty-two subjects, including 9 males and 13 females, after preliminary testing 
were subjected to hot and cold baths of either 18° or 40° + 0.2°C and following im- 
mersion, returned to the ballistocardiograph where stroke volume and cardiac output 
were determined in supine and erect positions. Passive alteration of posture from 
supine to erect (70°) was accompanied by an elevated heart rate and a reduced stroke 
volume. Cardiac output was increased slightly in those individuals who later devel- 
oped abnormal responses to change in posture following heat stress, but was lowered 
in those who were able to tolerate the shift without difficulty. Approximately one- 
half of subjects developed orthostatic hypotension following immersion in hot bath 
for 20 min. This result seems to be caused by a combination of pooling of blood and 
fluid in the extremities, and a failure of the presso-sensible reflexes to increase cardiac 
output. Erect posture was maintained with greater ease and reduced cardiovascular 
demands following a cold bath.—J. M. Boutwell and P. V. Karpovich. 
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40. Mesucuan, I., J. Scrueas, Jr., anp J. Catuoun. Spinal fracture from electric 

shock therapy. Mod. Med. 18: 13, 1950. 

In a study of 212 male mental cases receiving electric shock treatment, it was 
found that 35.4% received injury to vertebral bodies. In the 75 injured patients, the 
average number of fractures each was 2.56. The 3rd, 4th and 5th dorsal were pre- 
dominantly affected. Four fifths of the fractures occurred in the first 5 treatments, 

Use of curare reduced occurrence of fractures, but as it is a dangerous drug, recom- 
mendation was made that its use be confined to cases showing anterior narrowing of 
bodies. Cases of this type were found to have a higher percentage of fractured bodies 
(but not the narrowed ones themselves).—A. C. Kelly. 


41. Miuuer, A. T., Jr., anv J. O. Mruuer, Jr. Renal excretion of lactic acid in exer- 

cise. J. Applied Physiol., 1(8): 614-618, 1949. 

Blood lactate concentration and total urine lactate during exercise and recovery 
were determined in 72 experiments on 2 subjects. Apparent renal threshold is approxi- 
mately 60 mg.%. Lactate clearance is 1 to 2 ml/min. at rest and rises to 15 to 20 ml, 
min. in exhausting exercise. Urine lactate may be considered only as an approximate 
index of total lactate production in exercise.—P. V. Karpovich. 


42. Ramsey, Guenn V. Sexual growth of Negro and White boys. Human Biology, 22: 

146-49, 1950. 

The data were secured by the personal interview technique as reported by 37 
Negro boys and 286 White boys. The Negro boys ranged in age from 11 to 16 years; 
the White boys from 10 to 20 years, 85 per cent from 12 to 16. 

The results indicate very little racial differences in the three measures of sexual 
growth. The median age reported for first ejaculation by Negro boys was 13.8 years 
and for Whites was also 13.8; for the first appearance of pubic hair for the Negro 
group was 13.3, for the White group, 13.6; and the first recognition of voice change 
was 13.7 for the Negro males and 13.4 for the White males. These data are in close 
agreement with those provided by Kinsey et al.—D. B. Van Dalen. 


43. Roswir, B., J. SonreNTINO, AND RosaLtyn YALow. The diagnostic role of radio- 

active isotopes. Mod. Med., 18: 6, 1950. 

As organized for diagnostic work, a radioisotope unit consists of pathologist, radi- 
ologist, biochemist, medical internist, hematologist, and radioisotope physicist. 
Fundamental research indicates that such units may become an important part of 
service in hospitals. The authors discuss the diagnostic role of seven of these radio- 
isotopes which already have proved valuable to medicine.—A. C. Kelly. 


44. Sanpow, A. Muscle. Ann. Rev. Physiol., 11: 297-334, 1949. 

Primary interest is in studies concerned with the fundamental problems of con- 
traction of skeletal muscle. References are cited under the headings of Mechanies, 
Myothermy, Bioelectricity and Excitability, Ultrastructure, Enzymology, and 
Mechanism of Contraction, and Miscellaneous.—G. M. Gloss. 


45. Sprro, Ropert K., Evan R. Gorrra, anp Joun 8S. Tuompson. Experiments with 

the Eve method of artificial resuscitation. J. Applied Physiol., 1(4): 285-297, 1949. 

A series of 5 experiments performed to determine the efficiency of the method. Re- 
sults show the method provides adequate lung ventilation. Rocking tidal air values 
were greater than normal at.rest by 50%. Method does not cause discomfort to patient. 
Preferred rate of rocking is 12/min. and maximum angle of 30° tip. This rocking pro- 
cedure raises cardiac output as calculated by Erlanger-Hooker formula (product of 
pulse pressure and pulse rate).—J. M. Boutwell and P. V. Karpovich. 


46. Wacker, A., anv T. Hoppe. Brain tumors in children. Mod. Med. 18: 5, 1950. 
Because of the brain’s compensatory power, symptoms of cranial tumors in chil- 
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dren are frequently not noticed until the tumor is large enough to produce “‘intra- 
cranial hypertension by mass blockage of ventricular fluid or both.’’ The general 
prognosis is not good, but cerebellar astrocytomas and some cerebral tumors may be 
removed successfully.—A. C. Kelly. 


Anthropometry 


47. Durertuis, CLarence Wes.ey. Anthropometry of extreme somatotypes. Am. J. 

Phys. Anthrop., n.s. v. 8, no. 3, (September, 1950). 

Anthropometric measurements taken on 30 somatotypes showed ectomorphs to be 
vastly different from endomorphs and mesomorphs. Significant differences of means 
between the latter two groups occured mainly in trunk diameters and circumferences. 

Results indicated that head and face measurements and body and limb lengths 
failed to differentiate well between the three groups of extreme somatotypes. Lateral 


and anteroposterior diameters of the trunk, and circumference measurements showed 
greater differences. They were not so successful, however, as Sheldon’s needle point 
measurements on the photographs for discriminating between morphological types. 


The conclusion is reached that anthropometric measurements on the living are only 
moderately successful in demonstrating anatomical differences between extreme 
somatotypes and are of questionable value in differentiating between the midrange 
and closely related somatotypes.—The Wistar Institute. 


48. GARN, STANLEY Marion, AND Menarp M. Gerr.er. An association between 
type of work and physique in an industrial group. Am. J. Phys. Anthrop., n.s. v. 
8, no. 3, (September, 1950). 

A number of recent studies have demonstrated associations between body-build 
on the one hand and interests, attitudes and choice of professions on the other hand. 
The present study was concerned with the physical differences between a factory 
group in Cambridge, Massachusetts, and 20 membersof that group engaged primarily 
in research. In somatotype components the research group was significantly less endo- 
morphic, less mesomorphic and more ectomorphic. The modal research somatotype 
was ectomorphic as compared to a bimodal endomorphic—mesomorphic distribution 
for the factory group, the height-weight index, and the majority of the anthropo- 
metric measurements confirmed the impression of greater linearity in the research 
group. Twelve out of 31 measurements and indices showed significant differences in 
the direction names; these included face measurements and indices as well. It was 
shown that the greater linearity of the research group could not be attributed to age 
or education, but within the limits of the study, seemed to represent a predilection of 
ectomorphic physiques for non-routinized, non-aggressive occupations, such as re- 
search.—The Wistar Institute. 


Education 


49. BLocu, H. A. Alcohol and American recreational life. Amer. Scholar, 49: 54-66, 

1948. 

The author concludes: despite reform movements and efforts to modify the coun- 
try’s drinking habits, our outlook relative to this entire problem is so entrenched, due 
to historical necessity and established recreational patterns, that success in trans- 
forming our habits is rather dubious . . . mass reformation of drinking habits suggests 
the need for concerted attack upon the personality-producing tensions in American 
life and the modification of certain phases of the entire recreational patterns reflected 
in our culture.—G. M. Gloss. 


50. Perersen, Jane M. An Illinois group activity test. Publ. Personnel Rev., 10: 222- 
225, 1949. 
A test for selecting Recreation Aides. Test is a group activity situation in which 
the candidates participate in games, folk-dancing, and athletics. The technique ap- 
pears to have face validity and it has been very well received.—G. M. Gloss. 
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51. Scurex, Roperr. A graphic method for comparing percentages and means of cop. 

trol and experimental groups. Human Biology, 22: 65-70, 1950. 

A special graphic method was developed to facilitate the presentation of a com- 
parison of experimental and control groups with respect to percentages and means, 
This graph simplifies the presentation of statistical import to readers who are not 
statistically trained.—-D. B. Van Dalen. 


Health and Safety 


52. Kamm, A. Swimming as an active therapy. Ment. Hyg. N. Y., 33: 417-423, 1949. 

Methods and techniques for training the mental patient how to swim and to ob- 
tain therapeutic benefits from this activity. The author shows that ‘‘The achieve- 
ment of results depends partly on facilities and equipment, but primarily on teaching 
methods and the leadership available . . .’’-—G. M. Gloss. 


53. Tutrite, W. W., Marsorte WILson, AND Kate Davo. Effect of altered breakfast 

habits on physiologic response. J. Applied Physiol., 1(8): 545-559, 1949. 

Six women subjects were subjected to controlled breakfast habits and twice a 
week performed on the bicycle ergometer between 11:00 and 12:00 noon to determine 
maximum work output. Omission of breakfast caused decrease in maximum work out- 
put, increase both in simple and choice reaction time, and increase in tremor magni- 
tude. Coffee alone caused a decrease in maximum work output, and choice reaction 
time, and an increase in tremor of an outstretched arm. Light breakfast caused a 
significant improvement of maximum work output and choice reaction time, and a 
decrease in tremor’ magnitude. Experiment showed that there are considerable in- 
dividual differences in response to altered breakfast habits. A direct comparison of 
the physiologic responses during light and heavy breakfast periods could not be made 
because the breakfast period of coffee only occurred between heavy and light break- 
fast.—J. M. Boutwell and P. V. Karpovich. 


54. Weex, Eruine Fincu, anp FraNK JEAN Sevicne. The utilization of vitamin A 
alcohol, vitamin A acetate and vitamin A natural esters by humans. J. Nutrition, 

v. 40, no. 4 (April, 1950). 

Blood serum vitamin A levels were used as the criterion for determining the rela- 
tive utilization of the alcohol, acetate and natural ester forms of vitamin A by 18 men 
and 7 women, after administration of 134,000 ug of the vitamin contained in 50 gm of 
margarine. 

For the male subjects, vitamin A alcohol showed greater biological efficacy than 
vitamin A acetate which, in turn, was superior to the natural ester forms. Vitamin A 
alcohol produced a greater biological response than vitamin A acetate for the female 
group; however, comparison of the alcohol form with a distilled natural ester prepara- 
tion showed no significant difference in utilization. The experimental data were sub- 
jected to analyses of variance, and the statistical significance of a great part of the 
data was established. The addition of 300 mg of tocopherols to the vitamin A alcohol 
supplements had no appreciable effect on vitamin A absorption. 

After ingestion of high dosages of the vitamin, the increased vitamin A in the blood 
serum was present as the ester, irrespective of the chemical form of the vitamin ad- 
ministered in the supplement.—The Wistar Institute. 


55. ZIMMERMAN, F., anp Bessie BurGEMEIsTER. The effect of glutamic acid on bor- 
derline and high-grade defective intelligence. NV. Y. State J. of Med., 50: 6, 1950. 
Eighty-five patients, borderline, and some at upper end of defective range, 4 to 

18 years of age, received glutamic acid therapy for one year. Results showed that 

glutamic acid was effective in raising the intelligence level in 66% of cases. Progress 

was less pronounced in children with severe behavior problems and in those with 
gross cerebral pathology.—A. C. Kelly. 
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Psychology 


56. Gacne, R. M., Karnertne E. Baker AND Harriet Foster. Transfer of discrimi- 

nation training to a motor task. J. Exp. Psychol. 40: 314-328, 1950. 

A control group of 28 men made 60 responses each in a motor learning situation that 
required S to hit one of 4 switches in response to one of 4 signal lights, the stimulus 
and response being identified by both position and color. One experimental group of 
56 Ss received 30 trials on color discrimination of the signal lights while another 56 Ss 
practiced on position only. Both experimental groups then did the motor problem in- 
volving both color and position. The preliminary training with either discrimination 
resulted in considerable positive transfer to the motor task. The two types of training 
were equally effective in speeding up response time, but training in color diserimina- 
tion, which was the more difficult discrimination, was more effective in reducing error. 
—F. Henry. 


57. KanuiLAL, P. The emergence of natural muscular rhythm: a preliminary report. 
Indian J. Psychol., 19: 78-85, 1944. 4 
A brief report of a rhythmic experiment in which six boys and six girls were asked 
to press a rubber bulb continuously until told to stop. Definite rhythmic patterns 
emerged in all cases with marked individual differences in rhythmic types. An ap- 
pendix presents detailed data.—G. M. Gloss. 


58. Riope.ie, A. J. Psychomotor performance and distribution of practice. J. Exp. 

Psychol. 40: 390-395, 1950. 

The complex reaction time of 20 college students making 40 trials massed in one 
day was compared with that of 23 students who practiced at 4 trials per day for 10 
days. The distributed practice was considerably more effective, the degree of superi- 
ority increasing throughout the learning period. For massed practice, initial scores 
correlated only .03 with gains compared with .31 for distributed practice.—F. Henry. 


59. Sweicarpb, Lutu E. (New York U.) Psychomotor function as correlated with body 

mechanics and posture. Trans. N. Y. Acad. Sci., 11: 243-248, 1949. 

Individuals have a persistent posture pattern which influences movement activi- 
ties developed mainly from conditioned neuro-muscular action. Mental activity in- 
volving thought of movement is the most efficient re-conditioning technique. Eight 
“lines of action’’ isolated by the author may be used in reconditioning poor posture. 
—G. M. Gloss. 


60. Warers, R. H. anv J. G. Rerrz. The role of recency in learning. J. Exp. Psychol., 

40: 254-259, 1950. 

The validity of ‘recency’ as a principle of learning has been denied on both theo- 
retical and experimental grounds. In the present experiment, 10 Ss served as a con- 
trol group in the learning of a raised-wire finger maze, and 10 Ss shifted from right to 
left hand repeatedly as well as shifting posture from standing to sitting during the 
last 5 to 15 trials. This did not alter the amount of learning, its variability, or success- 
ful prediction of later choices based on ‘recency.’ Choices made at any particular 
choice point predicted the next choice at that point with an accuracy of 70%. Since 
the Ss had a set to learn, were learning and continued to learn in spite of shifts in 
bodily orientation, it was concluded that successful prediction in terms of ‘recency’ 
is a function of ‘what the organism is trying to do’—thus ‘recency’ is not a causal law, 
but a condition that allows learning to operate.—F. Henry. 
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